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FORENORD 
This repor t  summarizes t h e  results of Phase I of t h e  Hypersonic Research Fac i l i -  
t i es  Study performed from 1 July 1969 through 19 September 1969 under National A e r o -  
nau t ics  and Space Administration Coqtract NAS2-5458 by McDonnell Ai-craft Company 
(MCAIR), S t .  Louis, Missouri, a d iv is ion  of McDonnell Douglas Corporation. 
The study w a s  sponsored by the  Office of Advanced Research a d  Technology with 
Mr. Richard H. Petersen as Study Monitcr ax--d Mr. Hubert Drake as a l t e r n a t e  Study 
Monitor . 
M r .  Charles J. P i r r e l l o  w a s  Manager of t h e  KYF’AC pro jec t  and M r .  Paul A. Czysz 
w a s  Deputy Manager. ‘me sSudy w a s  conducted wi th in  MCAIR Advanced Engineering, which 
is d i rec t ed  by M r .  R :  H. B e l t ,  Vice President ,  A i rc ra f t  Engineering. The HYFAC study 
team w a s  an element of t he  Advanced Systems Concepts p ro jec t  managed by Mr. Harold 
D. Utis. 
The b a s i c  task o f  Phase I was t o  establish the  desirable research ob jec t ives  for 
hypersonic f i i gh t ,  and t o  evaluate  the research return BVailable from var!-m,s candi- 
date f a c i l i t i e s ,  including the  impact of f a c i l i t y  cos t .  
conducted i n  accordance w i t h  t h e  requirements and i n s t r u c t i o n s  of NASA RFP A-15109 
(E-81) 
during the Phase I period. 
The Phase I study has been 
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s L , x i  
Airbreathing hypersonic a i rc raf t  employing l i qu id  hydrogen f u e l  have t h e  poten- 
t i a l  of satis:;ring a number of mission requirements i n  the  1980-2000 t i m e  period. 
However, major advances i n  t h e  technological state of t h e  art  are necessary before 
such a i r c ra f3  can be considered e i t h e r  feasible o r  p r a c t i c d .  The object ive of 
Contract NAS 2-5458 w a s  t o  assess t h e  research md development requlrements f o r  
hypersonic a i r c r a f t  and based on these  requirements, t o  provide t h e  NASA with char- 
a c t e r i s t i c s  of a number of des i rab le  hypersonic research f a c i l i t i e s .  
organized i n  three phases. Phase I i s  a preliminary analysis  of a broad group of 
concepts. 
i t ies  considering research capabi l i ty ,  v e r s a t i l i t y ,  adaptab i l i ty ,  system confidence 
and costs  and based on these comparisons s e l e c t  those f a c i l i t i e s  t h a t  appear most 
a t t r a c t i v e  f o r  parametric study and f’urther refinement i n  Phase 11. This par t  of 
Volume I1 ?resents t h e  r e s u l t s  of t h e  research requirements analysis  and t h e  design 
The study is 
The pu-.pose of Fhase I w a s  t o  compare t h e  cha rac t e r i s t i c s  of these  f a c i l -  
synthesis of t h e  grcund research faci’’  ies. The s ign i f i can t  results 
are : 
Research associated with engine development, engine/airframe in tegra t ion ,  
and reusable thermal protect ion systems w a s  ranked as most c r i t i c a l  t o  t h e  
development of hypersonic a i r c r a f t .  
There i s  a d i s t i n c t  gap i n  desired versus available Reynolds number cap- 
abi l i ty  i n  ex is t ing  wind tunnels  across the e n t i r e  Mach number range. 
This gap can be f i l l e d  by t h e  construction of as f e w  as three new gas 
dynamic f a c i l i t i e s .  
It i s  possible  t o  provide test Reynolds nmbers as high as one-fifth t n e  
maximum f l i g h t  values i n  wind tunnels  having long run times and thus  high 
productivity.  
impulse f a c i l i t i e s  must be used i n  order t o  keep acquis i t ion  and operating 
cos ts  w i t h i n  reason. 
If full f l i b h t  Reynolds numbers are required,  however, 
The minimum wind tunnel  s i z e  which can be used t o  produce a given Reynolds 
number is a function of model and balance s t rength .  
w a s  used t o  s i z e  t h e  various gas dynamic f a c i l i t i e s .  
This re la t ionship  
Required airbreathing erGinc test f a c i l i t i e s  represent a very l a rge  in-  
crease over ex is t ing  mass flow capabi l i ty  and w i l l  require  t h e  l a rges t  
expenditures of t he  flow type f a c i l i t i e s .  
scramjet engines w i l l  have t o  be t e s t e d  and developed on a modular bas i s  
because of t he  l a rge  mass flow requirements of t h e  complete engines. 
No ex is t ing  heater  types are capable of these  mass flcws, and t h e  cost of  . 
compressor and exhauster p lan ts  f o r  complete engirie t e s t i n g  would be 
pmhibi t ive .  
Convertible scramjet and 
Two heater concepts are proposed f o r  scramjet t e s t i n g ,  both of which employ 
continuous flow and a programmed t e s t  t r a j e c t o r y  i n  order t o  prevent t h e  
thermal shock t o  the  engine re f rac tory  mterials t h a t  blowdown f a c i l i t i e s  
produce. Both concepts a lso  avoid the  high concentrations of water vapor 
i n  t h e  test  medium which are present i n  ex i s t ing  v i t i a t e d  a i r  f a c i l i t i e s  - 
water vapor having a de le te r ious  e f f e c t  on t h e  engine materials. 
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( 7 )  Candidate s t ruc tu ra l  t e s t  f a c i l i t i e s  have been specif ied having a wide 
range of simulation levels and maximum test a r t i c l e  s izes .  Research 
value analysis  shows t h a t  smaller f a c i l i t i e s ,  capable of t e s t i n g  a major 
sect ion of e. full sca l e  operational vehicle  (o r  an e n t i r e  research vehicle)  
have nearly as much capabi l i ty  as f u l l  sca le  f a c i l i t i e s  a t  very much lower 
acquis i t ion and operating costs .  
(8 )  Materials tes t  f a c i l i t i e s  have sh0.m a high research value both individu- 
a l l y  a , d  col lect ively.  Costs are miniscule compared t o  most o f  the  other 
f a c i l i t y  categories.  
fabr icat ion technology laboratory w i l l  pay l a r g e  dividends. 
Investment i n  a w e l l  equipped materials t e s t  and 
( 9 )  Several f a c i l i t y  types, though necessary f o r  hypersonic vehicle  develop- 
ment, represent capab i l i t i e s  already ex i s t ing  o r  small improvements t o  
ex is t ing  Capabili t ies.  These are: rocket engine t e s t  f a c i l i t i e s ,  avionics 
f a c i l i t i e s ,  f l i g h t  simulators, m d  rad ia t ion  f a c i l i t i e s .  No fur ther  def- 
i n i t i o n s  o r  refinements of these f a c i l i t y  types are planned f o r  Phase I1 
of t h e  study. 
(10) The f i r e  suppression and f lu ids  systems f a c i l i t i e s  examined could not be 
j u s t i f i e d  on an independent basi 5 .  These c a p a b i l i t i e s  are best  includcd 
as addi t ional  capab i l i t i e s  of a generalized environmental s t r u c t u r a l  
f ac i 1 it y . 
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LIST OF SYMBOLS (Cont 
Defini t ion 
t e s t  time 
equivalent ve loc i ty  requirement 
ve loc i ty  increzent due t o  i cause 
incremental drag a t  zero l i f t  
span ef f ic iency  factc;- 
t h  
compressive modulus of e l a s t i c i t y  
nozzle expansion r a t i o  
ul t imate  t e n s i l e  s t rength  
y i e l d  t e n s i l e  s t rength 
propuls i ve t h r u s t  
f u e l  LO a i r  weight r a t i o  
accelerat ion due t o  gravi ty  
accelerat ion due t o  grav i ty ,  sea l e v e l ,  4 5 O  geographic 
l a t i t u d e  = 9.60665 m/sec2 
geopotent ia l  pressure a l t i t u d e  
wind tunnel  t e s t  sec t ion  height ,  vehicle  fuselage height 
rnolecui .r hydrogen 
s p e c i f i c  impulse 
addi t iona l  drag f a c t o r ,  r a t i o  of model w i n g  area t c  wind 
t u n n e l  t es t  sec t ion  cross sec t iona l  area 
i n l e t  process e f f ic iency  
moment arm, length 
induced drag f a c t o r  
l i f t ,  length 
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nr: 
7KE 
N.F. 
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LIST OF SYMBC)I,S - (Cont) 
De f i n i  i-,  i on 
l i f t  t o  drag r a t i o  
mas s 
Mach number, beqding moment 
mass flow 
f l i g n t  path normal load f ac to r  
i n l e t  k i n e t i c  energy eff ic iency 
normal force 
i n l e t  height-to-width rati .0 
nitrogen te t roxide  
molecular oxygen 
oxidizer  t o  f u e l  wetgnt flow r a t i o  
pressure 
f u e l  equivalence r a t i o ,  r a t i o  of ac tua l  f u e l  flow t o  
s toichiometr ic  f u e l  flow 
angle betwcen shock attachment point  and cowl l i p  
dynamic pressure 
spec i f i c  gas constant 
mean radius of t h e  ea r th  
uriiversal. gas constant 
Reynolds number 
densi ty  
stress 
area 
dimensionless entropy 
Symbol 
t 
T 
Tr 
v 
Vol 
W 
1.- 
J, 
Z 
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LIST OF SYMBOLS (Cant 1 
Definition 
time 
temperature 
recovery temp I ,  7 at ur e 
wall temperature 
velocity 
volume 
weigkt f low 
weight 
heading angle,  j - a w  angle 
5eornetric alt ;tude 
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LIST OF 3YMBOL.S (Cont ) 
SUBSCRIPTS 
Trorclsion Stat io2 Desi;nat ions 
i7 f r ee  stream 
C capture, a fixed reference area on vehicle  
cowl cowi l i p  
2 encine face 
3 engine e x i t  
e nozzle e x i t  
t nozzle throat  
aero 
C 
cent 
2 
E 
e 
3 f f  
f 
i 
m 
s t t r i t u t a b l e  t o  aerodynamic forces 
chmber conditions,  c ru i se  
a t t r i b u t a b l e  t o  c e n t r i  fum: forces 
drac 
er.ptj .  
enr:ine e x i t  
effect  i VP 
f i n a l  
4'- 
I ont a1 
ic i t i3l  
free strean! 
associrtted wi5h gravi ty  forc-.s, cross  
i de a1 
naneuvering 
Symbol 
m a x  
min 
N 
0 
S 
t 
TS 
TJ 
SJ 
t 
t e s t  
w e t  
vac 
X 
Y 
z 
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LIST OF SYMBOLS (Cont) 
Defini t ion 
maximum 
minimum 
ne t  
isentropic  reservoi r  conditions,  evaluated at zero l i f t  
a t t r i b u t i b l e  t o  propulsion system 
associated w i t h  pressure forces, planform 
wing root 
s t r u c t u r a l  
vehicle,  model stagnation 
t o t a l  conditions corresponding t o  i sen t ropic  case 
takeoff 
a t t r i b u t a b l e  t o  tu rbo je t  p r o p l s i o n  system 
a t t r i b u t a b l e  t o  scramjet propalsion system 
wing t i p  
associated w i t h  t e s t  t i m e  
wetted 
associated w i t h  vacuum conditions 
longi tudinal  d i rec t ion  
lateral  d i rec t ion  
v e r t i c a l  d i rec t ion  
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1. INTRODUCTION 
This volume of t h e  f i n a l  report  summarizes the  results o f  t h e  f i r s t  phase 
of t h e  Hypersonic Research F a c i l i t i e s  Study (HYFAC) . 
study is  t o  assess t h e  research and development requirements f o r  po ten t i a l  fu ture  
operational hypersonic a i r c r a f t  and based on these  requirements provide NASA with 
descr ipt ions of' a number of a t t r a c t i v e  hypersonic research f a c i l i t i e s  consis t ing 
of performance, cos t ,  development t i m e  schedule, and research capab i l i t y  estimates.  
The research f F c i i i t i e s  studied include both f l i g h t  research a i r c r a f t  and ground 
test f a c i l i t i e s .  
program followed by a report ing period is  i n  process, as i l l u s t r a t e d  i n  Figure 1-1. 
The primary objecti-ze of t h i s  
To accomplish t h i s  overa l l  object ive a three phase ana lys i s  
Major elements of t h e  Phase I a c t i v i t i e s  w e r e  (1) se lec t ion  and de f in i t i on  
of t h e  p o t e n t i a l  future operational a i rc raf t  systems which form t h e  i-ssis for t h e  
study, (2) i den t i f i ca t ion  and evaluation of research and development needed far t h e  
p o t e n t i a l  operational a i r c r a f t ,  ( 3 )  design synthesis  of f l i g h t  research a i r c r a f t  
concepts and determination of t h e i r  c a p a b i l i t i e s  and cos ts ,  ( 4 )  design synthesis  
of ground research f a c i l i t i e s  and determination of t h e i r  c a p a b i l i t i e s  and cos t s ,  ar,d 
( 5 )  evaluation of t h e  research value and cos ts  of each f a c i l i t y  and se lec t ion  of 
the  most a t t r a c t i v e  f l i g h t  and ground f a c i l i t i e s  f o r  parametric study i n  Phase 11. 
With the  pa r t i c ipa t ion  of a number of research o f f i ces  within t h e  NASA 
and the  CISAF, 102 Research Objectives were i d e n t i f i e d  and evaluated by the study 
team. 
Candidate f l i g h t  research vehicles were d e v e l q e 6  combining elemerits of 
t h e  various system options i l lustrated i n  Figure 1-2. For each concept t h e  f l i g h t  
vehicle performance, weight, cos t ,  and capabi l i ty  t o  contr ibute  t o  t h e  accomplish- 
ment of t h e  Research Objectives were determined. 
w i t h  respect t o  i t s  research value so as t o  reduce t h e  candidates t o  those most 
a t t r a c t i v e  vehicles to carry i n t o  t h e  Phase I1 parametric evaluation. 
F ina l ly ,  each vehicle  w a s  evaluated 
Candidate ground research f a c i l i t i e s  vere developea conbiuing t h e  elements 
of t h e  various conceptual options i l l u s t r a t e d  i n  Figure 1-3. 
i t s  general arrangement, s i z e ,  performance, c o s t ,  and capabi l i ty  t o  accomplish the  
Research Objectives r c r e  determined. 
during Phase I s o  t h a t  f a c i l i t i e s  not showing s ign i f i can t  capabi l i ty  or  research 
return were deleted from fur ther  study. 
respect t o  i t s  research value s o  as t o  reduce the  candidate f a c i l i t i e s  t o  those 
most a t t r a c t i v e  t o  carry i n t o  Phase I1 parametric evaluation. 
For each concept 
Each f a c i l i t y  was continuously evaluated 
Finally,each f a c i l i t y  was evaluated w i t h  
The results of t h e  design s tud ie s ,  t he  comparative evaluations and screen- 
ing,  and the  recommended f a c i l i t i e s  f o r  Phase I1 parametric study a re  pre- 
sentea i n  this i'epcrt. 
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FIGURE 1-1 PROGRAM MILESTONE SCHEDULE 
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Interim Report 
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FIGURE 1-2 FLIGHT VEHICLE OPTIONS 
DESIGN PARAMETER 
Speed 
Launch Mode 
Control Mode 
Acceleration Propulsion 
Hypersonic Propulsion 
OPTIONS STUDIED I 
M 0.9, 2, 4.5. 6, 12 
Horizontal Takeoff 
Vertical Takeoff 
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Booster St aged 
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Turbojet, Tubor amjet, Rocket 
Turboramjet, Ramjet, Scramjet, 
Convertible Scramjet, Rocket 
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JP, LH2, LO2 LH2 
J - 
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FIGURE 1-3 GROUND FACILITY OPTIONS 
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0 Model Size 
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(Paqe 1-4 is Slank) 
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2 .  PHASE 3. K4ALYSIS - PRELIMINARY STUDIES 
The HYFAC study is a 12-month inves t iga t ion  of t h e  f a c i i i t y  requirements aaso- 
c ia ted  with the  research and development of  hypersonic aircraft .  The study i s  con- 
ducted i n  t h r e e  phases, as i l lus t ra ted  i n  Figure 1-1. Phrse I consisted of:  a 
preliminary iden t i f i ca t ion  of res ta rch  requirements, i d e n t i f i c a t i o n  of a number of 
f l i g h t  and ground research faci l i t ies ,  preliminary assessment of t h e i r  cost ar,d 
research capability, mcl ce lec t ion  o f  a t t r a c t i v e  faci l i t ies  for f’urther study i n  
Ptase 11. 
2.1 OJ3JECTIVZS 
The obdective Gf Phase 5 w a s  t o  make preliminary estimates of t h e  perfor- 
mance, r e s e a x h  capabi l i ty ,  and ;os+,s of a la rge  number of f a c i l i t y  concepts and 
t i v e  f a c i l i t i e s  f o r  Phase I1 refinement. 
4. Lhrozqh cmparisori reduce these concepts t o  approximately 20 of t h e  most a t t r ac -  
Spec i f ic  areas of emphasis iricluded (1) i d e n t i f i c a t i o n  of t h e  necessary 
research associated with operat icnal  hypersonic a i r c r a f t ,  2 )  evaluation o f  methods 
of accomplishing t h i s  research, and ( 3 )  
t h e  conceptual f l i g h t  and ground research f ac i l i t i e s .  
ans lys i s  of t h e  capabi l i ty  and cvs t s  of 
2.2 GROUND RULES 
General study ground rules appl ied t o  a l l  phases of t h i s  stuC-y are l i s t e d  
below. 
presented i n  t h e  appropriate sec t ions  of t he  r epor t . )  
(Other ground ru l e s  which aFplied t o  s p e c i f i c  segments of t he  study are 
cz! A l l  cost estimates are reported i n  1970 dol la rs .  
( h )  The assumed state of t h e  art is coiaensurate with i n i t i a t i o n  of f a c i l i t y  
development during t h e  t i m e  period from 1970 t o  1975. Wherever f eas ib l e ,  proven 
technology ( o r  technology expect?d t o  be prover1 by t h e  start  da te )  was u t i l i z e d .  
\here such design was not f eas ib l e ,  conservative overdesign prz:tices , requir ing 
minimum iKprovements in t h e  s ta te  of the  ar t ,  were followed. 
( c )  Close coordination i s  assumed between t h e  NASA ar.2 t h e  contractors  W ~ C  
are bui lding f ac i l i t i e s  o r  a i r c r a f t ,  thus minimizing t h e  need f o r  extensive dwu-  
mentation and qua l i ty  assurance programs. 
..- - .  
( d )  Aircraf t  construction i s  assumed t c  conform t o  experimental shop procedures. 
( e )  Tne development cos ts  f o r  f l i g h t  research vehicles include a l l  necessary 
engine and avionics development cos ts .  
(f) It is  assumed t h a t  engines need not be deveioped t o  t h e  r e l i a b i l i t y  nor- 
mally required f o r  operat ional  (non-research) use. 
( g )  The primary f l i g h t  sa fe ty  c r i t e r i o n  i s  t h a t  no sirigle component malfunction 
s h a l l  cause a catastrophic  s i t u a t i o n .  
( h )  Rel iable  rocket o r  a i rhrea th ing  engine performance consisterA. w i t h  t h a t  
required f o r  JP-fueled, singly-engine aircraft:  is reqLiired d r i n g  takeoff and climb 
t o  25,000 f t  (7630rn). 
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( i  ) Where appl icable ,  t h e  vehicle  ].anding cha rac t e r i s t i c s  are su i t ab le  f o r  
ucpowered landing by a s k i l l e d  p i l o t .  Adequate f u e l  reserves are provided t o  com- 
pensate f o r  u n c ~  5a in t ies  i c  engine SFC, f o r  meteorological an?. Operational disper- 
sions i n  rue1 consumption, and f o r  pcwered emergency operations.  
(j) Edwards A i r  Force Base is  considered as t h e  primary operational f i e l d  fo r  
f l i g h t  research vehicles.  
( k )  It i s  assumed t h a t  maximunl use w i l l  be made of ex i s t ing  o r  planned track- 
ing and ccmmunications f a c i l i t i e s .  
(1) The U.S.  Standard Atmosphere - 1962 i s  used throughout t h e  study. 
2.3 APPROACH 
The study process used i n  Phase I i s  i l l u s t r a t e d  i n  Figure 2-1. Identi-  
f i ca t ion  of required research and development i s  focused on fu ture  operat ional  
aircraft  systems derived from previous industry and in-house MCAIh s : u d i e s .  These 
systems were se l ec t ed  with NASA concurrence at  t h e  onset of t h e  study, and form 
t h e  fundamental basis f o r  determination of research and development requirements 
f o r  hypersonic a i r c r a f t .  The dynamic nature of fu ture  hypersonic a i r c r a f t  makes 
se lec t ion  of any s ingular  group of  systems subject  t o  d isqual i f ica t ion  as new system 
needs are determined and technology breakthroughs occur. Thus,  t o  provide t h e  
broadest possible  de f in i t i on  of fu ture  research requirements, a number of design 
options were defined f o r  each p o t e n t i a l  operat ional  system t h a t  could be exercised 
i n  prcpulsion, fue l s ,  s t ruc tu re ,  thermal pro tec t ion ,  and heat  shielding.  I n  t h e  
se lec t ion  D f  these  operat ional  systems, MCAIR recognizes t h a t  some differences 
e x i s t  i n  both the  ana ly t i ca l  methods, assumptions, and c r i t e r i a  used i n  t h e i r  
i n i t i a l  generation. These differences do not affect t h e  v a l i d i t y  of t h e  research 
requirements and may w e l l  serve t o  give v i s i b i l i t y  t o  poin ts  t h a t  might otherwise 
be obscured. No addi t iona l  designs o r  optimizations of these  operational concepts 
were conducted. Charac te r i s t ics  of these  operat ional  systems are presented i n  
Volume V I  and a b r i e f  summary i s  given i n  Figure 2-2. 
I'he study process allows f o r  determination of both research and development 
requirements fo r  t h e  operat ional  systems; however, t h e  primary i n t e r e s t  i s  i n  
research and t h i s  fact  has been r e f l ec t ed  i n  t h e  recommended Phase IT s tudies  sum- 
marized i n  Sections 5 and 7. 
The iden t i f i ca t ion  o f  research requirements f o r  hypersonic a i r c r a f t  forms 
t h e  focus f o r  evaluation of hypersonic research f ac i l i t i e s  as i l l u s t r a t e d  i n  
Figure 2-1. 
Objectives" were obtained and research value determined i s  presented i n  Section 3. 
The placement of value ( i n t r i n s i c  value) on these  object ives  i s  an i n i x i a l  s t ep  i n  
t h e  f a c i l i t y  evaluation process which involves determination of t h e  reserach va31.r 
f o r  each f a c i l i t y .  The iden t i f i ca t ion  and evaluation of these  research_,c&iectives 
was accomplished with t h e  assistance of t h e  s c i e n t i f i c  community.. .sac-%scussed i n  
Section 3. t *..I 
In  Phase I these  requirements have been i d e n t i f i e d  i n  a broad sense 
and re fer red  t o  as "Research Objectives". The process by which these 11 Research 
/- 
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The results of the  preliminary s tudies  are presented i n  Section 3 f o r  the  
research requirements, Section 4 f o r  t h e  f l i g h t  research f a c i l i t i e s  and Section 6 
fo r  the ground research f a c i l i t i e s .  The r e s u l t s  of t h e  comparisons and evaluations,  
along w i t h  conclusions and recommended f a c i l i t i e s  f o r  Phase I1 parametric study, 
are preser,ted i n  Section 5 for the  f l i g h t  research f a c i l i t i e s  and Section 7 f o r  t h e  
ground research f a c i l i t i e s .  
FIGURE 2-1 STUDY PROCESS 
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FIGURE 2-2 OPERATIONAL SYSTEMS SUMMI ?Y 
- 
TYPE 
RECOVERABLE 1 S T  STAGE LAUNCH VEHICLE HORIZONTAL TAIiZOFF 
Turbojet p J ~ s  Ramjet,  M = 5 t o  7 s taging 
Turbajet p l u s  convertible Scram,jet, M = 8 t o  10 staglng 
A11 rocket,  Mach 12,  s tag ing  
i I
I 
1 
1 
Rocket p l u s  Scramjet, Mach lb staging I 
1 
HYPERSONIC TRANSPORT i 
Mach = 6,  Turboramjet I 
Mach = 1 0 ,  TurSoJet p l u s  Convertible Scramjet 
MILITARY SYSTEMS 
M = 4.5 Advanced Manned In te rceptor ,  Turboramjet 
M = 1 2  S t r i k e ,  Rocket plus  Scramjet 
I 
j M = 8 t o  1 2  Interceptom, Rocket p 3 . t ~  Scramjet 
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3 .  BYPERSONIC RESEARCH REQUIREMEIJTS 
Majcr emphasis has been directed,  during Phase I ,  ‘oward ident , i f icat ion 
of va l id  Research Objectives and quant i f icat ion of the  research value of each ob- 
jec t ive .  
research requirements w a s  pursued, using elements of decision theory. The primary 
in ten t  af t h i s  approach was t o  u t i l i z e  the  la rge  base of qua l i t a t ive  d a t G  i :xis t intc  
on the  subject of hypersonic research i n  gov rnment and industry. 
A discipl ined approach t o  iden t i f i ca t ion  and evaluation of hypersonic 
The techniques u t i l i z e d  i n  t h i s  study have not i den t i f i ed  o r  created 
new hypersonic research requirements. I n  f a c t ,  almost a l l  of :he Research Objec- 
t i ves  i n  t h i s  report  have been previously discussed i n  NASA o r  USAF reports .  
Rather, Phase I study e f f o r t  has served t o  place these Research Objectives i n  the 
proper perspective r e l a t i v e  t o  po ten t i a l  operational ;ystem.-:. 
The i n i t i a l  s tep  i n  es tabl ishing research requirements involved i dent i f i -  
cation of meaningful Research Objectives. Recognized experts i n  technology d i s -  
c ipl ines  associa+Yed with hypersonic f l i g h t  p a r t i c i p a t -  4 i n  t h e  identifica’Lion of 
these Research Objectives i n  order t o  assure t h a t  a l l  in te r faces  and interact ions 
were properly recognized. Research Objectives were derived using a systematic 
synthesis process considering t h e  design, development, and t e s t  requirements of 
po ten t ia l  operational a i r c r a f t ,  as w e l l  as operational considerations. Elements 
considered i n  t h i s  ident i f ica t ion  process are i l l u s t r a t e d  i n  Figure 3-1. The 
Research Objectives iden t i f i ed  and evaluated i n  Phase I are hypersonic a i r c r a f t  
R & D requirements s t a t ed  i n  broad terms. 
in to  Research Tasks during Phase II. 
number of de f in i t i ve  test programs, must be accomplished t o  achieve each of the  
Research Objectives. 
These object ives  w i l l  be divided 
These spec i f i c  t a sks ,  each requiring a 
A l l  of the  Research Objectives i d e n t i f i e d  are not of  eq-ual value i n  
assuring the  successful development of a given operational system. 
analyses were used t o  es tab l i sh  a framework i n  which the  r e l a t i v e  worth of cach 
Research Objective could be evaluated. 
research requirelnents analysis was par t ic ipz t ion  of h,GA, WAF, and b!cDonnell 
Douglas personnel. 
Decision theory 
key iilPU:. k0 t n i s  Par t  of t h e  
Evaluation par t ic ipa t ion  i s  summarized below i n  terms of the number of par t ic ipants  
from each organization. 
Langley Research Center 7 
Flight Research Center 11 
5 
12 
35 
L e w i s  Research Center 
h e s  Research Cepter -
USAF - 6 
19 MCDONNELL AIRCRAFT 
6 
Total 56 
-MCDONNELL DOUGLAS ASTRONAUTICS 
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The evaluation of Research Objectives resu l ted  i n  t h e  assignment of an  
i n t r i n s i c  value t o  each objective.  This i n t r i n s i c  value i s  meant t o  measure thc 
inherent worth of each Research Objective as it contributes t o  the technology base 
available i n  t h e  development of an operational system. The mechanics of t r ans l a t ing  
the evaluators '  inputs t o  i n t r i n s i c  values i s  described i n  Section 3.2. 
A s igni f icant  portion of t he  study e f fo r t  has been devoted t o  defini'iidn 
of candidate ground and f l i g h t  research f a c i l i t i e s .  
reviewed by McDonnell Ai rcraf t  project  s p e c i a l i s t s  t o  quant i ta t ive ly  determine t h e  
portion of the  objective which could be f u l f i l l e d  i n  ex i s t ing  ground t e s t  f e c i l i t i e s ,  
o r  i n  candidate new ground t e s t  o r  new f l i g h t  t e s t  f a c i l i t i e s .  Correlation of 
f a c i l i t y  capabi l i ty  w i t h  each object ive allows the  value of t he  f a c i l i t y  t o  be 
determined as it relates t o  a given Research Objective. The mechanics o f  t h i s  cor- 
r e l a t ion  is described i n  Section 3.3.1. 
Each Re :earch Objective w a s  
The pr inc ipa l  goal of the  research requirements analysis  i s  establlshmext 
of the research value of each candidate ground tes t  f a c i l i t y  and f l i g h t  research 
vehicle. This establishment of t he  research value of these new f a c i l i t i e s  is de- 
termined by multiplying the  i n t r i n s i c  value of each Research Objective by the  per- 
centage of t h e  objective which cou i be satisfied by a pa r t i cu la r  f a c i l i t y ,  and 
summing these values for  a l l  applicable Research Objectives which could be accom- 
plished i n  the  par t icu lar  f a c i l i t y .  This technique y ie lds  the  overa l l  research 
value of a f a c i l i t y  as it appl ies  t o  a given operational system. The matrix of  
research values obtained by t h i s  procedure i s  presented i n  Section 3 . 3 . 2 .  Since t h e  
i n t r i n s i c  value of each Research Objective i s  d i f f e ren t  f m  each operat ional  system, 
it is desirable t o  obtain an overa l l  research value f o r  each candidate f a c i l i t y ,  
independent of operational systems. This goal i s  achieved t v  averaging t h e  research 
values acrbss the spectrum of o p r a t i o n a l  systems. 
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3.1 D E X I F I C A T I O N  OF RESEARCH OBJECTIVES 
A sJstematic approach t o  iden t i f i ca t ion  of a v a l i d  and comprehensive l i s t  of 
Research Objectives w a s  pursued i n  Phase I. Formulation and review of t h i s  l i s t  of 
objectives was accomplished by McDomell Douglas, NASA, and USAF personnel. 
102 objectives judged t o  be ilecessary for t ach  .f t h e  po ten t i a l  operational systems 
are l i s t e d  i n  F igwe 3-2. 
tial opera t ioml  systems considered i n  t h i s  facilities study is a l s o  described i n  
Figure 3-2. 
The 
Application of each object ive t o  t h e  nine spec i f i c  poten- 
Pr inc ipa l  cha rac t e r i s t i c s  of these operational systems are summarized 
below. 
can be found i n  Volume 11, Past 1. 
Incluaed are opt ional  Mach range and propulsion 
Code - System T y p  e 
Mach No. 
R a n g e  
L 1  Resuable Launch 5 t o  7 
Heusable Launch a to 10 L2 
Reusable Launch 
Reusable Launch 
L3 
L4 
I 2  
10 
C 1  Hypersonic Tramport 6 
c2 Hypersonic Transport 10 
?dvanced Manned 
Intercept  o r  
M1 - 5  
(Option: M6+) 
M2 St ra t ee i c  S t r i k e  12 
M3 Interceptor  6 t o  12 
systems. Design options 
Propulsion 
W e l i n e  
TRJ 
TJ + CSJ 
RKT 
RKT + SJ 
TRJ 
TJ + C S J  
TRJ 
RK!r + Sci 
RKT + SJ 
O g t  ions 
TRJ + SJ 
- 
m + CSJ 
TFRJ 
TRJ + SJ 
TFRJ, SERJ 
RKT + C S J  
- 
Applicabili ty of each Reseczch ObJective t o  p o t e c t i a i  aperat  ioca l  systems 
is  indicated i n  Figure 3.2 by check marks, o r  by an " A l l "  i f  the  objective appl ies  
acros3-the-board t o  the spestrum of operat ional  systems. The o r i g i n a l  ' i s t  of 102 
objectives was screened t o  eliminate those object ives  involving design opt ions,  par- 
t i c u l a r l y  optional propulsion systems, which overlap o r  are redundant with o ther  
objectives. This screening r e su l t ed  i n  a l i s t  of object ives  iden t i f i ed  as the  base- 
l i n e  case throughout t h i s  repor t .  
fundamentally necessary t o  acquire a p a r t i c u l a r  ope ra t io i a l  system was obtained f o r  
the baseline case. 
i den t i f i ed  with an a s t e r i s k  i n  Figure 3.2. 
based on t h i s  baseline case. 
( ident i f ied as t h e  baseline + options case i n  t h i s  r epor t )  are b r i e f l y  discussed i n  
Section 3.3.3. 
In t h i s  way, an i d e n t i f i c a t i o n  of thtrt research 
Resear& object ives  eliminated t o  obtain the  basel ine l i s t  are 
The research values i n  t h i s  report  a r e  
Ranking based on the  e n t i r e  l ist  of 102 object ives  
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1. 
2. 
3.  
4. 
5. 
6. 
7. 
8. 
Description 
AERODYNAMICS 
FIGURE 3-2 RESEARCH OBJECTIVES 
Detemine low speed (takeoff and landing) 
aerodynamic charac te r i s t ics  of hyper- 
sonic a i r c r a f t .  
Determine subsonic and transonic aero- 
dynamic charac te r i s t ics  of hypersonic 
a i r c ra f t .  
Determine supersonic and hypersonic 
a e r o d y n d c  charac te r i s t ics  of hyper- 
sonic a i r c r a f t .  
Provide nev or  update present t e s t i n g  
techniques for  aerodynamic research 
facilities so Reynolds nuniber, shock 
wave, and boundary layer dependent 
phenomena can be correct ly  simulated 
using subscale models. 
Define the  design c r i t e r i a  and systems 
requirements fo r  optimum and acceptable 
handling qua l i t i e s  f o r  hypersonic air- 
c r a f t  * 
Evaluate design techniques for  obtaining 
favorable aerodynamic interference 
e f f ec t s  through surface or i n l e t  
positioning. 
Gvaluate design techniques of using t he  
aircraf t  body for  engine exhaust expan- 
sion, thereby providing addi t ional  lift, 
and determine t h e  e f f e c t  of propulsive 
gas f l aw  interact ions,  such as rocket 
exhaust plumes, on the  aerodynamic char- 
a c t e r i s t i c s  of hypersonic a i r c r a f t .  
Evaluate design techniques t o  improve low 
speed, takeoff ,  and landing character- 
i s t i c s  fo r  hypersonic aircraft b e . ,  use 
of variable geometry, auxiliary lift 
devices , or propulsive lift a w n t a t i o n )  
and techniques t o  reduce transmit drsg. 
ApplicaUe Operational 
fltstelns 
4 L2 
A l l  
A l l  
A l l  
A l l  
Al l  
A l l  
J J  
A l l  
L3 L4 
J J  J 
c2 
J J J  
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9. 
10. 
11. 
12. 
13 
14. 
15 
16. 
Description 
Investigate the  e f f ec t  on hypersonic 
a i r c r a f t  s t a b i l i t y  and control of engine 
on-off operation, in le t  unstar ts ,  vari- 
able i n l e t  and nozzle geometry, bypass 
airflows, propulsion mode changes, boat- 
tail forces,  and aerothermoelastic e f f e c t s  
Develop design pr inciples  fo r  stage 
integrat ion which provide reduced drag 
charac te r i s t ics  and other aerodynamic 
hqrovements throughout the speed 
range for two-stage hypersonic launch 
vehicles. 
Determine separation techniques fo r  two 
stage hypersonic qrehicles which w i l l  
provide posi t ive separation and 
con t ro l l ab i l i t y  . 
Improve fmdamental knowledge of hyper- 
sonic boundary layer behavior i n  the 
presence of adverse pressure gradients 
and shock interact ions such as are 
encountered i n  i n l e t s .  
Investigate unsteady control surface 
hinge moments due t o  boundary layer and 
shock wave interact ion.  
Develcp correlat ion techniques fo r  t h e  
prediction of buffet  onset f o r  L,r aspect 
r a t i o  configurations , involving longi- 
tudinal  (body) bending motions as w e l l  
as wing bending responses. 
Evaluate configuration shaping techniques 
and f l i g h t  path var ia t ion for a l l ev ia t ing  
sonic boom in tens i ty ,  and study near and 
far fiel.' noise levels .  
Develop correlat ion methods for the 
prediction of heat transfer .and drag 
fur turbulent boundary layers with 
pressure gradients and three-dimensicnal 
flows f o r  windward flows. 
Applicable Operational 
J 
J 
L3 
J 
J 
L4 
J 
J 
u1 
u1 
c2 
M M1 M2 3 
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Description 
17. Determine correlations for the pre- 
diction of boundary layer transition. 
18. Investigate the use of strategically 
located reaction control jets on 
hypersonic aircraft to reduce the 
aerodynamic control surface deflec- 
tion and surface I-ating. 
19. Determine the e-fectiveness of various 
types of control surfaces and their 
locations for providing sufficient con- 
trol throughout the entire flight 
spectrum, and improve methods of pre- 
dicting aerodynamic heating for 
deflected control surfaces. 
THERMODYNAMICS 
20. Extend the knowledge of predicting 
hypersonic aerothermodynamic parameters 
in a three-dimensional flow field. 
21. Extend the knowledge of aerothermodynamic 
prediction techniques at hypersonic 
velocities providing means of relating 
either analytical or wind tunnel results 
accurately to real flight conditions. 
22. Investigate shaping of aerodynamic sur- 
faces to reduce skin temperatures, and 
the effects of prot,-?erances and surface 
irregularities on hypersonic aircraPt 
drag and aerodynamic heating. 
23. Determine the effects of transpirative 
or ablative processes on skin friction 
and heat transfer. 
24. Determine the effects of embedded shock, 
vortices, separation, and reattachment 
on skin friction and heat transfer for 
leeside flows. 
25. Determine the aerodynamic heating effect! 
produced by flow through gaps resulting 
from adjacent aircraft surfaces, and 
rapid changes in operaticnal altitude. 
Applicable werat ional 
systems 
All * 
J J J J  
All 
All 
All * 
A l l  
J J J J  
A l l  * 
All 
c2 *1 *2 M3 
J J  
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26. 
27. 
33. 
29. 
30. 
31 
3::. 
Description 
Determine increased heat t r ans fe r  and 
reduced radiat ion cooling due t o  
flow field/vehicle geanetry interact ions 
( v i e w  fac tors  and f l o w  interference).  
Develop methods for predicting heat 
t r ans fe r  due t o  radiat ion and gas 
impingement From engine exhaust. 
sTRumEs m MATERIAL!3 
Develop e f f i c i e n t  reusable thermal 
protection systems for cryogenic he i s  
and oxidizer tankage. System consid- 
erat ions should include insulat ion,  
vapor barrier, purge techniques, ins ta l -  
l a t i o n  and inspection methods, chemical 
ccanpatibility, temperature cycling, 
and l i f e  t i m e .  
Develop shell theory for non-circular 
shells w i t h  a View t o  p rac t i ca l  fusel- 
and tank s t ruc tures  t o  more precisely 
predict  stress levels associated with 
combined mechanical-thermal loads and 
their  impact on usefil life. 
Evolve more e f f i c i e n t  concepts for fuse- 
lage and tank s t ruc tures  f o r  both cir- 
cular  and non-circular applications.  
Develop heat shield technology fo r  
reusable heat sh ie ld  systems. System 
considerations should include heat 
sh ie ld  f l u t t e r ,  sonic and mechanical 
fa t igue,  erosion, and chemical reactions 
w i t h  a i r  stream and attaching structure. 
Gevelop e f f i c i e n t  reusable leading edge 
concepts and identif'y most applicable 
concepts f o r  spec i f i c  portions of t h e  
f l i g h t  regime. 
Applicable Operational 
steam 
4 L2 L3 Lt 
All  
All  
A l l  
Al l  
A l l  
A l l  
I 
A l l  
c1 c2 E4 M2 *3 
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33 
34 
35 9 
36 
37. 
38 
39 9 
40. 
41. 
42. 
Description 
Develop control  surface technology, 
including thermal protect ion require- 
ments, methods of attachment, seal ing,  
methods of actuat ion,  and thermal cycling 
Develop long-life,  regeneratively cooled 
s t r u c t u r a l  concepts f o r  appl icat ion i n  
high heat flux areas such as leading 
edges and propulsion systems. 
Provide a s t r u c t u r e  which maintains 
aerodynamic smoothness under ac tua l  
operational conditions and use. 
Determine the effects of combine2 
mechanical loading, thermal stress 
cycling, and temperature var ia t ions  on 
the  l i f e  of the s t r u c t u r a l  components. 
Determine the  e f f e c t s  of separation 
forces  on the s t r u c t u r a l  dynamic char- 
a c t e r i s t i c s  of the vehicles.  
Determine t h e  e f f e c t s  of fuel s losh on 
the dynamics and i n e r t i a  loads of l o w  
aspect r a t i o  hypersonic a i r c r a f t  w i t . h  
l a rge  volume Fuel tankage. 
Determine t h e  parameters of co r re l a t ion  
f o r  t he  analysis  of t he  e f f e c t s  of near 
f i e l d  noise on minimum gauge s t ruc tures ,  
composite s t ruc tu res ,  and non-mctallics. 
Develop non-destructive tes t  and inspec- 
t i o n  methods f o r  sandwich s t ruc ture ,  
composite materials, diffusion-bonded 
materials, and coatings. 
Develop a capabi l i ty  t o  accurately 
estimate component and s t r u c t u r a l  mass 
f rac t ions  f o r  a l l  types of hypersonic 
a i r c r a f t  designs. 
Verify t h e  i n t e g r i t y  of t he  s t r u c t u r a l  
and thermal s t r u c t u r a l  systems through 
h l l - sca le  component testing. 
Applicable Operational 
L1 L2 L3 L4 
A l l  
A l l  
All * 
A l l  * 
J J  
J J  
A l l  
A l l  
A l l  
A l l  
J J  
J J  J J 
J J  * *  
J J  
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43. 
44. 
45 9 
46. 
47 
40 . 
Description 
Develop reusable thermal protection 
systems for the primary structure. 
Define the mechanical and physical 
properties of adval.zed materials that 
have potential application in hyper- 
sonic aircraft. Prime candidates are: 
metal matrix composites, high temp- 
erature titanium, superalloys, and 
refractories. 
Improve fabrication techniques for 
advanced materials and complex struc- 
tures. These include: welding, dii-- 
fusion bonding, and brazing of metals; 
composite forming ; fabrication of 
sandwich structure ; and fabrication 
of non-metallics . 
Develop high temperature bearings, 
lubricants, closure seals, tires, wind- 
shields, and radomes. 
Develop protective coatings for metals 
and non-metals to provide resistance to 
corrosion, erosion, oxidation, and wear 
and to enhsnce emittance and radar 
absorption, for long term exposures to 
the hypersonic environment. 
PROPULSION 
Develop inlet configurations of either 
fixed- or variable-geometry that yield 
high total pressure recovery, low weight 
and drag, good stability, and minimum 
distortion over the range of desired 
flight conditions and engine operating 
modes, and enable the engine to achieve 
the desired specific impulse and thrust, 
through improved techqiques for pre- 
dicting cowl, spill, additive, bleed , 
and bypass drag characteristics, and 
ims ved inlet off-design performance. 
Applicable operat iocal 
Systems 
L1 L2 L3 L4 
A l l  
All 
All 
All 
All * 
J J J 
c1 c2 
J J J J J  
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49 
50 
51 
52. 
53 
54 9 
55 
56. 
57 
DescriDtion 
Evaluate e f f e c t s  of i n l e t  i n s t a l l a t i a n  
w i t h i n  the vehicle  pressure f ie ld  on 
i n l e t  performance and on i n l e t  drag. 
The e f f ec t  of boundary layer  ingest ion 
on i n l e t  performance must be determined 
and techniques t o  cont ro l  and remove 
boundary layer  must be developed. 
Evaluate var iab le  capture area i n l e t  
designs required fo r  operation across 
t h e  range of desired f l i g h t  conditions 
of speed and a t t i t u d e  (angle of a t t ack ) .  
Evaluate real gas e f f e c t s  on iclet  and 
nozzle performance. 
Develop engine design concepts amenable 
t o  cooling by various techniques (re- 
generat ion, ablat ion,  rad ia t ion ,  o ther )  ; 
consider ascent and descent as well as 
cru ise  . 
Develop engine component technology 
(burners, turbines ,  heat exchangers, 
cont ro ls )  su i t ab le  f o r  cryogenic fue ls .  
Develop sd.mncled engine components havine 
light weight wi th  perhaps shortened 
li f e t  ime . 
Invest igate  methods f o r  reducing engine 
noise during takeoff and landing. 
Study combustion problems of ramjets 
when operated f o r  t h rus t  augmentation at  
transonic or  low supersonic f l i g h t  speeds 
Develop and in t eg ra t e  engine components 
i n t o  complete, large-scale turboramjet 
systems and demonstrate compatibil i ty 
and ove ra l l  performance throughout an 
extensive f l i g h t  envelope and operating 
mode changes. 
Applicable Operational 
L1 L2 L3 L4 
J J  J 
* 
J J  J * 
J J * 
J J  J * 
J J  J 
J * 
J 
J 
J J 
t ems 
c1 c2 
J J  
J J  
J 
J J  
J J  
*1 M2 *3 
J J J  
J J ' &  
J J  
4
J J J  
c 
J J J  -
J J J  
____j 
J 
J 
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Perform s u f f i c i e n t  cycle analysis  , can- 
ponent t e s t i n g ,  and mission analysis  t o  
se l ec t  the best multi-mode cycle and size 
engine f o r  appl icat ion t o  a spec i f ic  
hypersonic mission a i r c r a f t .  
Develop and integrate engine compo- 
nznts i n t o  complete, large-scale ramjet 
systems and demonstrate compatibil i ty 
and overa l l  performance throughout an 
extensive f l i g h t  envelope and operating 
mode changes. 
Develop and in t eg ra t e  engine components 
i n t o  conplete, large-scale convertible 
scramjet systems and demonstrate com- 
p a t i b i l i t y  and overa l l  performance 
throughout an extensive f l i g h t  envelope 
and operating mode changes. 
Develop and in tegra te  engine components 
i n t o  complete, large-scale s c r w e t  
systems and demonstrate compatibil i ty 
and overa l l  performance throughout an 
extensive f l i g h t  envelope and operating 
mode changes. 
Demonstrate rocket-powered engine oper- 
a t i o n  i n  a horizontal  takeoff a i r c r a f i  
throughout an extensive f l i g h t  envelope 
o f  speeds, a l t i t u d e ,  and a t%i tude .  
Develop i n l e t  controls  f o r  hypersonic 
a i r c r a f t  which a re  simple, r e l i a b l e ,  
Evaluate s u i t a b i l i t y  of aux i l i a ry  
accurate,  and hcve rapid response. 
tu rboje t s  f o r  landing of hypersonic 
vehicles.  
Determine nozzle configurations t o  pro- 
duce high ne t  t h rus t  while  maintaining 
e f f i c i e n t  in tegra t ion  with t h e  airframe. 
58 
Applicable Operational 
Systems 
L1 L2 L3 L4 c1 c2 M1 M2 M3 
All 
J J J 
* -  > 
J J J J 
* * * 
J J 4 1  J J * 
J J  J J  
J J  J J  J * > 
J J  J J  
J J J J J J J  
I 
59 
60. 
61. 
62. 
63 
64. 
65 
Description 
REPORT MDC A0013 0 2 OCTOBER 1970 
VOLUMEII 0 PART 1 
66. 
67 
68. 
69 
70 9 
71. 
Des "ipt ion 
Evaluate variable nozzle geometry 
requirements for operation across R wide 
speed range, and mechanical concepts to 
produce it. 
Determine inlet/engine compatibility 
criteria (both steady-state and time- 
varying ) of hi gh-t ot al-pr e s sur e-r ec overy , 
wide-Mach-range inlets. 
SUBSYSTEMS 
Develop operational systems and pro- 
cedures for the thermal conditioning, 
storage, and safe handling of cryogenic 
propellants which are compatible with 
typical airfield requirements ; also, 
consider logistics, production fac- 
ilities, and cost of fuel delivered to 
airplanes at various airfield locations 
around the world. 
Develop analyt i cal correlation t ec hni quee 
through empirical evaluation to permit 
the determination of the fluid dynamic 
and thermodynmic characteristics of 
cryogenic propellants in large horizontal 
tankage in a vibrating, sloshing, pres- 
surized environment. 
Develop regenerative cryogenic heat ex- 
changers, thermodynamic correlations, and 
control systems for structural and engine 
cooling which are compatible with rep- 
resentative vehicle heat loads and mater- 
ial temperature limits. 
Improve fuel performance of new or 
existing hydrocarbon fuels through in- 
crease in (1) thermal stability or 
utilization of vaporizing and endothermic 
fuels, ( 2 )  fuel density and energy con- 
tent, and ( 3 )  combustion properties. 
Applicable Operational 
L1 L2 L3 L4 
J j  J * 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
- 
c1 c2 
J J  
J 
J 
J 
J 
J 
J 
I 
V 
J 
J 
J J J  
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
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L .  
73 0 
74. 
7s. 
76. 
77 
78. 
Description 
Determine fuel system design requirements 
imposed by the use of thermally stable 
and endothermic fuels in high temperature 
aircraPt environment, including such 
areas as contmination limits, inert 
pressurization, and ground support 
sys t ems. 
Advance the technology of cryogenic fuel 
system components in the areas of reduced 
weight and increased reliability. Par- 
ticular areas requiring advancement 
include liquid hydrogen static and 
dynamic sealing and rotating machinery 
operating in cryogenic environment. 
Determine rapid cryogenic servicing 
techniques necessary to achieve required 
reaction and turnaround times for mili- 
tary and commercial vehicles. 
Develop viable aircraft fuel tankage 
concepts ( integral anc non-integral 
tanks, sub-cooled and saturated fuel) , 
and develop cryogeniccilly fueled inte- 
grated aircraft fuel system operation 
Pnd control techniques to account for 
propellant utilization, management, 
and pressurization requireAents during 
both grcund and flight envfronments. 
hetennine capability of flush recessed 
antennas required for hypersonic flight 
to supply patterns compatible with com- 
nunication, navigation, and electronic 
warfare functions. 
Determine flush or recessed antenna 
design techniques necessary to allow 
operation in the elevated hypersonic 
temperature environment. 
Investigate stability augmentation 
systems capable of control in the 
hypersonic region, and recovery from 
pilot-induced oscillations. 
Applicable Operafimal 
L1 L2 L3 L4 
J J 
J J J J  
* 
J 
All 
All 
J J J  
* 
J J J J  
c1 c2 
J 
J J  
J J  
J J 
J J  
M1 M2 M3 
J 
J J  
J J  + 
J J  
w 
J J  
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79 
80. 
31. 
02. 
83 
84. 
85 
86. 
-- Description 
Determine air data measurement tech- 
niques applicable to the hypersonic 
environment such as fixed orifice pressure 
measurements and laser densitometers 
Develop actuation techniques and hardvare 
to provide control surface motion over 
the range of environment encountered in 
the hypersonic flight rPgime. This 
includes development of high temperature 
hydraulic and pneumatic drive systems 
and components. 
9evelop high temperature actuat 3r sys- 
tems for engine inlet and nozzle adjust- 
Kent. 
Develop auxiliary power units for rocket- 
scram and ramjet-powered aircraft, 
including necessary emergency power 
equipment in case of primaxy unit 
failure. 
Develop environmental control system 
utilizing liquid cryogens as the heat 
sink, based on allowable internal wall 
temperatures for crew and passenger 
comfort and effectiveness. 
Develop environmental ccntrol systems 
for Mach 4 to 6 hydrocqrbon-fueled 
vehicles, based on allovsble internal 
well temperatures for crew and pas- 
senger comfort and effectiveness. 
Develop launcl? techniques for AAM and: 
ASM weapons in hypersonic flights. 
Investigate methods 9f heat shielding 
missile launchers, doors, and internal 
structure in hypersonic environment. 
Applicable Operhtional 
Systems 
411 
U1 
411 * 
411 
J 
J 
J V ’ J  J 
J 
J 
J 
J J  
I 
! 
J J  
J 4 
> 
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37 
88. 
89. 
90. 
91 
92 
93 
94 
95 
- . I  r i q t ion  
- -- 
OPERATION 
Evaluate varZws methods of terminal 
apprDach aid landing fo r  hypersonic 
a i r c r a f t  (including high angle glide 
s iayes j  and determine t h e  design penalty 
as soc ,.at ed w i t h  dperat iona l  requirements 
for l o i t e r ,  go-around, short  runway 
operation, and all-wtather capabi l i ty ,  
including v i s i b i l i t y  augmentation. 
Study hazards iE'-?rent ,n the  use of 
cryogenic fuels, on qroir~d and i n  f l i g h t ,  
during both n o m ,  and abnormal operation 
Inver Agate mn-machine compatibil i ty as 
re la ted  t o  t h e  cont ro l  and navigation 
of a hypersonic vehicle  st both high and 
low Mach numbers. 
Establish optimum landing techniques for 
a hypersonic v&.' c le .  
Develop effa . 
niques fo r  $;art f l i g h t  plaming.  
'e comnrmnication tech- 
Irivestigate various a s c m t  trajec-cories 
t o  assess the to l e rab le  a x i a l  and no& 
tt t1 g loac,. 
Investigate e f f ec t s  of vehicle  dynamics 
and centr i fugal  e f f e c t s  on crew per- 
formance ccpabi l i ty ,  and passenger 
comfort i n  hypersonic f l i g h t .  
Develop abort ,  fie1 dump, and crew 
eszape systems arid p2ocedures f o r  hyper- 
sor.lc a i r c r a f t ;  inves t iga te  escape tech- 
niques and emergency egress procedures 
over hot. s t ruc ture  escape paths, and 
i n  t h e  v i c i n i t y  of l a rge  quan t i t i e s  OC. 
LH2 or  GH2. 
Determine t h e  e f f e c t s  cf bank m g l e ,  yaw, 
angle of a t tack ,  flow f i e l d  benef i t ,  
t u r h i e n c e ,  and vaf ta t ions  i n  atmos- 
phe-ic conditions on 2oost. c r u i c  , and 
descent .. ,xarmance frr hypersonic air- 
craft. 
Applicable Operational 
4 L2 L3 L4 
All 
A i 1  * 
A l l  
All  * 
411 
A l l  
A l l  * 
All 
A l l  
c2 
96 
97 
38 
99 
100. 
101 . 
102. 
Description 
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Define and demonstrate the capabf-lity 
t o  stay within specif ied operational 
margins t o  not exceed a i r c r a f t  placards 
(i .e . , duct pressure,  teqerature , 
s t a b i l i t y ,  dynamii ;:ressure, and load 
factor  limits) . 
Develop leak detection methods fo r  
cryogenic propellant tanks. 
Invest igate  concepts fo r  providing an 
atmosphere of motion and securi ty  for 
passengers i n  a windowless aircraft. 
Investigate short takeoff techniques 
using forced rotat ion,  including 
gimballed rocket and canard tech- 
niques. 
Develop p rac t i ca l  ground hold methods 
far cryogenic system leading t o  quick 
response times and high operational 
readiness. 
Develop specif icat ions for adequate 
A i r  Traff ic  Control procedures and 
ground-based navigation systems. 
Develop inspection and repair  tech- 
niques for  hypersonic vehicle s t ruc -  
tures.  
Applicable Operational 
Systems 
5 L2 L3 L4 
A l l  
A l l  
J J  
* 
A l l  
Al l  
c1 
J 
c2 
J 
M 5 M2 3 
J J  
J J  
_____) 
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3.2 EVALUATION qF RESEARCH OBJECTIVES 
The ResearcIl ObJectives identifiec? by NASA, USAF', and MCAIh persome1 and 
l is ted i n  Figure 3-2 were used as t h e  basis f o r  quantifying the  v.Qu? cf each of t h e  
candidate f l i g h t  and ground f a c ' i i t i e s .  This determination is 2ssr.d on two fac tors :  
(1) The importance (or  value) of t he  research described by each ot:jec+,ive, and ( 2 )  
t he  capabi l i ty  of the various f a c i l i t i e s  t o  accanplish the  individucl  Objectives. 
This sec t ion  presents  t h e  method used t o  determine the inherent worth ( o r  val\;e) of 
each objec t ive  relative t o  all of the other  objecti-ves. 
The re la t ionship  of t h e  variocs elements involved i n  t h i s  evaluation is  
depicted il; block diagram form i n  F i b w e  3-3. 
process are designated by the  heavily out l ined blocks. P-lsu shorn is the re la t ion-  
sh ip  of these elements t o  t h e  aspects of the analysis  performed p r i o r  t o  the  evalu- 
a t ion  phase and t o  the  f i n a l  r e s u l t s .  The evaluation process is i l l u s t r a t e d  f o r  
an a rb i t r a ry  system, designated Potent ia l  Cperational System "X". 
figures and s e c t i m s  f r o m  t h e  t e x t  are noted above each block i n  the figure. 
The key elements i n  t h e  evaluation 
Assoclated 
3.2.1 
t h e  value of Research Zbjectives have been examined. 
vol-re the direct assi-gnmezt of r e l a t i v e  r a t ings  bo the  various object ives  i n  rela- 
t i o n  t o  severa l  criteria. The ra t ings  f o r  each objec t ive  would then be averaged 
over .dl the evaluations and cra'eri? t o  obta in  f i n a l  values. Because the  number 
of obJectives i n  t h i s  study j ,  -:a l a rge ,  n u c v r ,  it Is highly unl ikely t ha t  evalu- 
a t o r s  could keep them all i n  r . i  
assignmer.ts: hence t h i s  method 18s not selected.  Another va r i a t ion ,  relate3 t o  t h e  
so-called "Tielphi Method," would provide for several i t e r a t i o n s  during the evalu- 
a t ion  procedure, whereby those points  involving considerable disagreement could >e 
more thoroughly examined, and a consensus ultimately could be reached, o r  at least 
approached. This process w 3 s  not considered f eas ib l e  because of t h e  t i m e  it would 
require and because the par t ic ipants  were sca t t e red  throughout t h e  country. Sirxe 
a l a r g e  number of par t ic ipants  w e r e  a v m l a b l t  however, and s ince  many items had 
to  be evaluated usiag zi method involving only one i t e r a t i o n ,  t h e  process se lec ted  
as most appropriate f o r  t h i s  study involves (1) the "Method of Paired Comparisons" 
fo r  generating the  basic  value data and (2)  the  "Law of Comparative Judgment" f o r  
processing t h i s  basic  data and e s t ab l i sh ing  t h e  inherent value of the  object ives .  
These techniques are discussed i n  t h i s  sec t ion ,  along w i t h  the other bas ic  ele. ..--ts 
involved i n  evaluating t h e  Research Objectives. 
incslve the  l i s t i n g  of ck j ec t ives  (categorized by technological at-ea) , t h e  criteria 
by whici: these objectives are evaluated, and t h e  basic ground rules f o r  comparing 
the object ives  wi t ; :  each other.  
BASIC EXB@X?S OF THE EVALUATION - Several techniques f o r  determining 
One such method w o u l d  in- 
simultaneously w h i l e  making relative value 
Elements of t h i s  descr ipt ion 
(a) Method of Paired Comparisons - If P, subject  is asked t o  rank a number 
of items w i t h  respect  t o  a p a r t i c u l a r  evaluation c r i t e r i o n ,  it is a f a i r l y  simple 
t a sk  t o  arrange them i n  a l is t  i n  descending order  of importance, provided t h e  
number of items i n  t h e  l i s t  is r e l a t i v e l y  small. However, as the s i z e  of the list 
increases,  t h e  need arises f o r  an organized method f o r  ranking t h e  item. 
mre, i f  an i n t r i n s i c  value is t o  be derived for each of the items by means of t h e  
Law of Comparative Judgment, it is required that da ta  be exailable i n  a form 
indica t ing  "the proportion of times a given i t e m  is  judgetj greater than any o the r  
item. The Method of PQired Comparisons provides both an organiaed procedure for 
ranking items by aa individual vo ter  and amethod for obtaining empirical  estimates 
Further- 
t l  
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of proportions which can be processed by t h e  Law of  Comparative Judgment. 
item is compared i n  t u rn  w i t h  each o ther  i t e m ,  and f o r  every pa i r ing  a preference 
is  indicated f o r  one i t e m  or t h e  other .  
hence t h e  number of judgments required is  N(N-1)/2. 
Each 
With N items, t h e  number of ;a i r s  and 
(b) Law of Comparative Judment - According t o  t h e  Law of Comparative 
Judgment, t h e  differences of opinion of a large number of subjects  concerning 
which of two items ranks higher i n  importance follows a normal d i s t r ibu t ion .  
Accordingly, the  l ikel ihood t h a t  there  vi11 be severa l  persons who disagree con- 
cerning t h e  importance of two items is much greater %ban is t h e  l ikel ihood t h a t  
- al l  t h e  voting su-1 jects  w i l l  p re fer  one of t h e  items i n  a pa i r ing  over t h e  other .  
Since t h e  probabi: I t y  of universal  agreement j z  so m a l l ,  i n  pair ings where such 
agreement dozs OCCLT,  t h e  difference i n  values assigne8 t o  t h e  items i n  t h e  pair ing 
is  f a r  greater  than i n  cases where some disagreement e x i s t s .  This is t h e  bas ic  
r a t iona le  f o r  use of t h e  normal d i s t r i b u t i o n  i n  connection with t h e  Law of Comrhra- 
t ive Judgment. 
I n  t he  evaluation of Hcersonic  Research Objectives, t h e  s h p l i f y i n g  
assumption v i11  be made t h a t  t h e  area under the  u n i t  normal curve between -3 and 
+3 standard deviations is unit:-. With t h i s  i n  mind, t h e  p r inc ip l e  involved i n  
use o f  t h e  normal d i s t r ibu t ion  is illustrated i n  Figure 3-4. 
represents t h e  proportion of voters  who prefer  I t e m  "i" t o  I t e m  "3". 
The value "vji" 
corresqonds t o  t h e  proportion who prefer I t e m  j and, s ince  the d i s t r i b u t i o n  is  
symmetric about t he  zero poin t ,  v i j  = xji 0. If, f o r  examnle, 10 voters  are invol- 
ved i n  paired comparisons of a number of i t e m s ,  t he  area beneath t h e  un i t  normal 
curve is divided i n t o  10 segments of equal area, as shown i n  t h e  l e f t  portion of 
Figure 3-5. 
d i s t r ibu t ion  function. 
tabular form between the  number of voters  (Pi choosing a given i t e m  over another 
i n  a pa r t i cu la r  pa i r ing  and t h e  corresponding u n i t  normal devia te  value (I$) is as 
given i n  F igu re  3-6. 
The shaded area  
The value 
V? tt 
V i j  
is the u n i t  normal deviate  corresponding t o  t h i s  proportion. 
n l t  
The r i g h t  portion of Figure  3-5 i l l u s t r a t e s  t h e  associated cumulative 
For a sample s i ze  of 10 voters ,  t h e  re la t ionship  i n  
FIGURE 3-4 NORMAL DISTRIBUTION 
J 
Uni t  Normal Deviate 
3.2.2 MECHANICS OF THE RESEARCH OBJECTIVE -- EVALIfil'ION - Idea l ly ,  t h e  evaltllation 
would involve a consideration by each evaluator of every possible  r a i r i n g  
*rani c 
However, due t o  the =@tude of such a t a sk ,  which would involve thousands &' 
comparisons, t h e  Research object ives  were brohen down i n to  s i x  bas ic  technological 
areas: 
pulsion, ( e )  subsystems, and ( f )  cperation. 
evaluated t h e  Research Objectives which applied t o  t h e i r  areas of technica l  aware- 
ness. 
~ n o n g  the 132 R e s a r c h  3jC-cti ires,  using the Wetnod of ?aired Comparisons. 
( a )  aerodynamics, (b) themdynamics,  ( P )  s t ruc tu res  and materials, (d )  pro- 
Government and industry s p e c i a l i s t s  
%e Method of Paired Comparisons was the  bas ic  technique used t o  evaluate 
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FIGURE 3-5 DISTRIBUTION OF VOTERS 
Frequency Distr ibut ion Clmulative Eis t r ibu t ion  
Distribution of Proport ion 
of Voters i n  Agreement Unit Normal Eerri ate 
t h e  inherent rJorth of t h e  object ives  w i t h i n  each arsa.  This breakdown w a s  performed 
s t r i c t l y  for convenience, s ince  many object  ivcs  actual ly  spar, two or more technoloQr 
areas. i n  s u h  cases,  an object ive w a s  placed i n  t h e  category t o  vhich it is most 
strong.'y rekted.  Weighting fac tors  determined for  each area w e r e  then applied t o  
LL-  -Fsults f r q m  t he  individual  areas, y ie ld ing  a consolidated ranking of a l l  the 
objec t iv i s  involved. The mechanics of t h e  evaluation can probably tes t  be described 
by presenting an ac tua l  example from t h e  Research ObJective evaluation. 
A COT 
of the spt Zialists i n  the  aerodynamics category, is sham i n  Figure 3-7. 
objective I s  compared i n  t u r n  w i t h  each of t h e  other  object ives  v i t h i n  this tech- 
nological area, and for  every pa i r ing  one object ive c r  t h e  other is chosen as more 
important. Relative importance is  judged on t h e  b a s i s  of which of the  two objec- 
t i ves  t k , .  evaluator feels w i l l  contr ibute  more toward achievement of t h e  po ten t i a l  
operational systems. The comparison process i s  f a c i l i t a t e d  by arrangement of  the  
objectives i n  rows and columr,~.  The evaluator indicates  his choice fo r  a p a r t i c u l a r  
pair ing i n  the  space corresponding t o  t h e  in te rsec t ion  of t h e  two objectives i n  t h e  
p a i r i n g .  
important than the  column object ive,  while a 
objective is  chosr-.: as more important. 
of an  orig'-nal paired comparison evaluation form. completed by one 
Each 
A "one" indiccrtes t h a t  t h e  evalliator :onsiders the r o w  object ive more 
If zero" indicates  t h a t  t h e  column 
FIGURE 3-6 TAaLE OF UNIT lYORYAL DEVIATES (10 VOTERS) 
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This r a t ing  process was repeated f o r  two evaluation 
ment and Cost and Schedule. These c r i t e r i a  are described as follows: 
c r i t e r i a ,  Technobgy A,.lvarit t .-  
(a )  Technology Advancement - This c r i t e r i o n  can be considered as t h e  extent 
t o  which the  Research Objective contributes t o  the  technical  knowledge 1-equired 
t o  achieve an operational hypersonic vehicle .  This contribution could involve: 
o Understanding of fundamental physical or  physiochemical behavior 
and in te rac t ions .  
o Application of pr inc ip les  tG dr 'xn concepts. 
o Confirmation of adequacy of deFigr o r  manufacture. 
o Reduction i n  overdesign pena:.ties. 
( b )  Cost and Schedule - This c r i t e r i o n  indicates  t h e  extent  t o  whi2h  t he  r e  - 
search contributes t o  obtaining a sound cost  and schedule basis f o r  i n i t i a t i n g  an 
scquis i t ion program f o r  an cperationa' hypersonic vehicle.  This csc t r ibu t ion  nii &t 
i ncliio'e : 
o Establishment of a sound system costing base. 
o Achievement of major t i m e  savings r e l a t i v e  t o  system development. 
o Uncovering of design problems that would be cos t ly  m d  time-consuming 
t o  correct  during a system procurement cycle. 
A l l  of the  Research Objectives were evaluated twice, mice f o r  each of these evalu- 
a t ion  c r i t e r i a .  The example sCcrwn i n  Figures 3-7 through 3-11, however, corres- 
ponds only t o  Cri ter ion (A) (Technology Advancement ) . 
The paired-comparison evaluations generated a large m o u n t  of da t a ,  necessi- 
t a t i n g  use of a d i g i t a l  computer t o  process the inputs.  
i s  shown i n  Figure 3-8 f o r  the  aerodynamL2s e x a q l e  being used t o  i l l u s t r a t e  the  
Research Objectives evaluation procedure. The e n t i r e  matrix i s  shown completed 
at  t h e  top of the page. 
evaluation matrix, s ince the  lower-left ha l f  of t he  matrix represents t h e  inverse 
of the upper-right ha l f .  
t o r  i s  show ~ f ;  the  bottom of t h e  p q e .  The t o t a l  fo r  each objective i s  found by 
summing the  elements i n  the rows 0" t h e  matrix corresponding t o  t h a t  object ive.  
The diagonal elements, represer.+ed by the  double a s t e r i s k s ,  are ignored, s ince t h e  
obJectives were not compared tr, Lkmselves. These individual r e s u l t s  are not useu 
d i r ec t ly  i n  the  analysis ;  however, they can be useful. fo r  cemparisor. of an 
individual ' s  preferences with the  composite r e s u l t s  based on the preferer.?es of 
a l l  the  par t ic ipants  i n  t h e  evaluation. 
A t yp ica l  o u t y t  
The evaluators were not askea t o  f i l l  i n  t he  sfitire 
me ranking of t h e  object ives  f o r  tho pa r t i cu la r  evalua- 
The composite r e s u l t s  of t 3e  22 persons evaluating the  aeradynamics 
category are summarized i n  Figure 3-9. 
System L1. 
Thi-s sumnary i s  shown f o r  Operational 
Objectives No. 8, 13, and 17 are nct. included i n  t h i s  case ,  reduring 
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FIGURE 3-8 INDIVIDUAL'S RESULTS 
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FIGURE 3-9 COMPOSITE RESULTS Operational System No. 1 -(L1) 
I-___- - - Evaluation Criterion - A. Technology A 
b 
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1 
P 0 
X -3.00 
P 
the  number o f  objectives i n  the aerodynamics sect ion from 19 t o  16. 
of the  m a t r i x  shown at  the top of Figure 3-9 represents t h e  nun?:oer of  evaluators 
who se lec ted  the row objective over t he  column objective.  Symiiietrlc elements 
sum t o  the  n:mber of evaluators,  i.e., P i j  + p j i  = 22, where p i j  is the element i n  
the "i tk" ruw,  " j ' th"  column. A s  indicated i n  the f i rs t  row, second column, 
13 evaluators chose Objective 1 over Objective 2.  The other  nine aerodynamics 
pmtj-cipants chose Objective 2 over ObJective 1, as indicated i n  the second row ,  
first  column. 
represented i n  those figures i s  one of  t h e  n i n e  par t ic ipants  who chose Objectivc 2 
over Objective 1. 
Each elemeat 
It can be seen from F i g u e s  3-7 and 3-8 t h a t  the pa r t i cu la r  evaluatcr  
.. 
1 
1 2 3 4 5 6 7 8 9 10 11 
-1.69 -1.33 -1.10 -*911-.75 -.60 -.47 -.35 -.23 -.11 0 
- -  - + 
Use of t he  Law of Comparative Judgment t o  convert t h e  evaluatlors'  i-iiputa 
t o  ranking values f o r  each objective is i l l u s t r a t e d  i n  the  lower h a l f  of Figure 3-9. 
A key par t  i n  t h i s  conversion i s  played by the un i t  normal deviate. The un i t  
normal deviates f o r  22 evaluators are  tabulated i n  Figure 3-10. 
. 
P 12 1 3  14 15 16 17 18 1'; 20 21 . 22 
X .11 23 35 .47 .60 75 . g i  1.10 1.33 1.69 3.00 
FIGURE 3-10 UNIT NORMAL DEVIATE TABULATIOM (22 EVALUATORS) 
Figure 3-10 is of the same form as Figure 3-6 but  contains more en t r ies ,  s ince 
the range of possible t o t a l  votes f o r  a given i t e m  has been expanded from 0-19 
t c  0-22. 
I n  t h e  lower portion of Figure 3-9, t h e  ranking and value assignments 
are shown for  t h e  16 aerodynamics objectives evaluated i;i re l a t ion  t o  Operationzl 
System L1. 
summing the u n i t  normal deviate v a h e s  corresponding t o  thz  elements in t h e  
appropriate row af the  composite matrix. Thus, fo r  Objective x , the  i n i t i a l  
value Vi ,  i s  determined by the  followjng formula: 
\ %e i n i t i a l  value ( V i /  f o r  a pa r t i cu la r  objective i s  obtained by 
11 11 
where x = 
Y "  
P ( x ,  Y) = 
c X 
y = L  ' 1  P(X, Y )  
object ive bein6 eva- uated 
11 11 object ive t o  which Objective x is  compare? 
11 11 no. of evaluators choosing Objective x over Ob.!ect ive  ''y" 
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= unit  normal devjrdbe f o r  x vs. y 
( x ,  Y )  
xP 
N = no. o f  OCJ.:' lves i n  the  evaluation 
Applying the uni t  normal deviates i n  Figure 3-10 t o  the f i r s t  rar of t h e  
composite matrix of Figure 3-9, 
1 7  VI = X13 x X k  + X6 + Xl0 + X12 + x 11 + X8 + xl* + Xll + Xl0 + x 1 
+ x  17 + x l l + i i  20 + xlo  
= 0.23 - 0.91 - 0.60 - 0.11 + 0.11 + @ - 0.35 + 0 .  1 + 3 - 0 . L  + 0.75 
+ 0.75 + 0 + 1.33 - 0.11 
V i l  = 1.1, 
which i s  the  i n i t i a l  value f o r  C3jective 1 shown i n  Figure 3-c'. The s:me procesc 
is applied t o  each of the other  rows i n  the  composite matrix,  and t n e  r e su l t i ng  
i n i t i a l  values fo r  the  16 aerodyndmics objectives me shown i n  t h e  lower portion 
of Figure 3-9, arranged i n  order of decreasjng value. This s e t  o f  values provides 
2 placement of  the  objectives a3oag a l inea r  scal;. of posit i-re and negative values 
which sum t o  zero. 
The technique described f o r  t h e  objectives i n  th . e  .-?rodynamics area i s  
a l s o  applied t o  t h e  data  submitted b- the  evaluators i n  t.ach of the  other  f ive  
technolDgica1 areas, and an i n i t i a l  valce is determined f o r  each of t h e  objectives 
i n  these areas as w e l l .  It i s  now necessary t o  merge the  results from t h e  s i x  
separate areas i n t o  a consolidated ranking and value assignment f o r  a l l  the 
object ives ,  Two steps are involved i n  t h i s  consolidation. F i r s t ,  s ince the 
various technological areas contain d i f fe ren t  numbers of objectives , the  i n i t i a l  
values must be normalized on a common scale .  Secondly, s ince some areas of 
research are judged t o  be more important than  o thers ,  the .values of t h e  objectives 
must be adjusted s o  t h a t  objectives i n  areas considered abave average i n  importance 
are raised i n  value whi le  those i n  below average areas are  Jowered. Thus, t h  - 
first  s t ep  provides a means f o r  expressing i n  a c o m i s t e n t  manner the re la t ionship  
between the objectives witkin each indivfdual area, wh i l e  t h e  secmd s t e p  uses 
a log ica l  r? t iona le  t o  merge these normalized r e s u l t s  from individual  area- i n t o  
a conaoljdated se t  of values which r e f l e c t s  tne importance of t he  pa r t i cu la r  
area of  research f o r  each objectj.ve. The range of possibie i n i t i a l  values is  
(-3) (N-1) t o  (+3) ( N - 1 )  , where N i s  t h e  number of objectives imolved.  The 
i n i t i a l  value f o r  a~ objective is  thus dependent on the  number of objectiveq (N) 
included i n  i t s  pa r t i cu la r  technological area. The f o l l m i n g  equation i s  used t o  
normalize a l l  t he  i n i t i a l  vclues onto e. commcn sca le  ranging from 0 t o  100. 
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whe-R vn = normalized value 
v = i n i t i d  value i 
N = no. of objectives i n  t h e . a r e a  under invest igat ion.  
Each normalized value "Vn" then indicates  the  percentage which t h e  i n i t i a l  vflue 
YS .L = (+3)  ( N - 1 ) ,  then Vn = 100. 
then Vn = 0. 
example shovn i n  figure 3-9, N = 16. 
vi'' has a t t a ined  of the  possible  value achievable i n  Its area. If ,  f o r  e x a p l e ,  
And i f  V i  has t h e  average value of zero, then Vn = 50. 
19 
If, at the o ther  extrirne, V i  = ( -3)  (N-11, 
In  the  
V t  1) Th-m, f o r  Objective x , 
vnx 
o r  9 
= 1.11 vi + 50 vnx X 
As can be seen i n  t h e  "Normalized Value" column of Figure 3-9, Cb.iecti.-e 3 a t t a i n s  
65.2 percent of its maximum possible  value, while Okjective 18 achieves only 
30.7 percent of t he  maximum value achievable. 
The f i n a l  value of each object ive for  a given evaluation c r i t e r i o n  depends 
on the  relative weighting of t h e  technological area i n  which t h e  object ive 
is included. Persons r a t ing  t h e  technological a r e s  were asked to assign an 
importance r a t ing  ranging from 1 t o  10 t o  each of  t h e  areas involved. They w e r e  
requested i n  making these assessments t o  consider co l l ec t ive ly  t h e  set of a l l  
objectives wi th in  a Riven technological area and t o  m a k e  a judgment as $0 t h e  
importance of t h e  set of objectives leading t o  attainment of t h e  po ten t i a l  opera- 
t i o n a l  systems. 
was divided by t h e  total  points assigned by him t o  a l l  areas t o  obtain h i s  
r e l a t i v e  weighting f o r  t he  given area. 
averaged over all t h e  par t ic ipants  t o  obtain a weighting f o r  each of t h e  s i x  
technoiogi-a1 areas. 
Figure 3-11. Tne dashes l i n e s  i n  t h e  figure indica te  t h e  r e s u l t i n g  average 
values vhich were used i n  t h e  analysis.  The weightings computed f o r  two repre- 
sen ta t ive  evaluators,  designated "A" and "B", are also shown. 
t h e  weightings f o r  t h e  propulsion area are spread over a somewhat smaller range 
(.14 t o  .28) than are those i n  other  areas. The highest  degree c;f agreement f o r  
a par t i cu la r  increment within a technological area occurs i n  t h e  operation area, 
20 which nearly 40 percent of t h e  evaluators assigned a weighting between -10 and 
-12. 
Ttie r.umber of poiats assigned by an evaluator  t o  a given area 
These relative weightings were then 
The d i s t r ibu t ion  OF technological weigfitings is shawr, i n  
It can be seen t h a t  
To obtain +he final value of an object ive,  i t s  normalized value is  mult ipl ied 
by the  r e t i c  of t h e  weighting of its area t o  t h e  average weighting. S h c e  t h e r e  
are s ix  technological areas, t h e  average weighting i s  1/6, o r  0.167. So, i n  t h e  
example of Figure 3-9, s ince t h e  w e i g h t i q  f o r  t h e  aerodynamics area is  0.183, t h e  
f ina l  values for t h e  object ives  i n  t h i s  area are derived by multiplying t h e  nor- 
malized values by .183/.167, o r  1.096. 
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Research Objectives are consolidated and ranked :cccorcii;ir. t o  f i r i a l  ~ . - : l L ~ l , .  .
Fimre 3-12 summarizes the results f o r  Cr i te r ion  A (Technclnpy Atlvr!ii l .f .r, ic,rit .)  . 
I'insl values are shown for all 67 objec t ives  which apply t o  0peration::l :'ysttvr, I,]. 
r11~luded among these  67 objec t ives  are the  16 aerodynramics objec t ives  : : l k , w r i  i l l  
FirTui-e 3-9. 
and the number of evaluators  i n  each technological area. 
Also i l l u s t r a t e d  at  the  top of Figure 3-12 are tile relati  J P  wt*I (:titinfr:; 
As mentioned previously,  t h e  pa r t i c ipan t s  evaluated t h e  obJect ives  i n  
each technological area twice, once i n  r e l a t i o n  t o  each of t h e  t w o  e v a l u a t i o n  
c r i t e r i a .  
azplied t o  the data submitted by t h e  evaluators  i n  r e l a t i o n  t o  Evaluation 
Criterion B (Cost and Schedule), m d  t h e  resultingr ranking and f i n d  value <assi~n- 
ments relative t o  t h i s  c r i t e r i o n  are i l l u s t r a t e d  i n  Figure 3-13 for 0peration:il 
System Ll. 
The evaluat ion p r o c e s  described i n  the preceeding paracrapiis w a s  a I :x) 
Fina l ly ,  weightiiiss were obthined fo r  t h e  two evaluat ion c r i t e r i a  (Te(:h- 
nology Advancement and Cost and Schedule) by the  sane technique which was used 
t z  det.ermine t h e  weighting of t h e  technological  ar:?as. 
tic'ii c r i t e r i o n  weighticgs is si~own i n  F igu re  3-14. The tabula t ion  and associated 
histograms illustrate, for example, t h a t  50 percent of the evaluatcrs  consider t l i t .  
r e l a t i v e  importance of Technolog Advancement t o  Cost and Schedule t o  he approxi- 
mately 6 t o  4. 
The d i s t r i b u t i o n  of cv-ilua- 
k f i n a l  weighted average, inccrporat ing the r e s u l t s  of the  c r i t e r i o n  
wig l i t ings ,  allowed ranking of the  Research objec t ives  f o r  each p o t e c t i a l  opera- 
t i o n a l  system. This f i n a l  s t e p  i n  t h e  evaluat ion of Research Objectives i s  
i l l u s t r a t e d  i n  F i g w e  3-15 f o r  Operational System L1. The weiated aveiaee value 
f o r  an objec t ive  is obtained by muPtiplyinS it-. f i n a l  value for each of t h e  two 
c r i t e r i a  by t h e  appropriate  c r i t e r i o n  wei&it.'.i.g and then summing t h e  two products. 
Using @bjec t ive  28 as an example, t h e  average value is  (76.6) (.604) + (72.3) 
( .3?6)  = 74.9, where .60b and .396 are t 3 e  xf. teriori  weightings and 76.6 and 72.3 
ni.3 the  f i n a l  values for Objective 28 for t h e  Technology Advancement and Cost and 
Sdledule c r i t e r i a ,  respec t ive ly .  
The weighted-average values derived from ;he Research Objective evaluation 
52'3 i e f ined  as t h e  i n t r i n s i c  values  of the ol,,',:ctives. 
Gi- each Research db jec t ive  varies from me yo; ,ent ia l  opera t iona l  system t o  t h e  next 
beL*8ise a d i f f e r e n t  combination of obJect.Lves corresponds t o  each system. The 
3,ssearch Objective i n t r i n s i c  value rzt ingb for t h e  nine p o t e n t i a l  opera t iona l  
systems 3re presented i n  Figures 3-15 through 3-23. An i nd ica t ion  of areas of 
:?zasaary  research is  seen by exminat ion  of t h e  r a t i n g s  i n  these f igu res .  It is 
i n t m s s t i n g  t c  note  t h a t  propulsion and t h e m o / s t r u c t u r s l  research i s  valued very 
:;ighly; however, aerodynamic research is a1-30 highly r a t e d ,  confirming t k . e  h i s t o r -  
ical need for understanding of the  aerothenual c h a r a c t e r i s t i c s  of an a i r c z a f t  when 
me considers t he  bas i c  research reQuirment;s t o  i n i t i a t e  acqu i s i t i on  of a s p e c i f i c  
system. 
The i n t r i n s i c  value 
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FIGURE 3-12 COMSOLIDATED RANKING AND VALUE ASSIGNMENT 
EVALUATION CRITERION - A. TECHNOLOGY ADVANCEMENT 
Operational System No. l-(Ll) 
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FIGURE 3-13 CONSOLIDATED RANKING AND VALUE ASSIGNMENT 
EVALUATION CRITERION - B. COST AND SCHEDULE - 
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FIGURE 3-15 OPERATIONAL SYSTEM NO. 1 - (L1) - .--- 
WEIGHTED AWERAGE FOR ALL EVALUATION CRITERIA 
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FIGURE 3-16 OPERATIONAL SYSTEM NO. 2 - (L2) 
WEIGHTED AVERAGE FOR A L L  EVALUATION CRITERIA 
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FIGURE 3-17 OPERATIONAL C'STEM NO. 3 (L3) 
-- WEIGHTE~ AVERAGE FOR ALL EVALUATION CRITERIA 
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FIGURE 3-18 OPERATIONAL SYSTEM NO. 4 - (LQ) 
- -^__ - - -_ WEIGHTED AVERAGE FOR ALL EVALI!ATION CRITERIA 
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- FIGURE 3-19 OPERATIONAL SYSTEM NO. 5 - (Cl) - 
-~ WEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA _ _  
FffiURE 3-20 OPERATIOMAL SYSTEM HO. 6 - (C2) 
WEIGHTED AVERAGE FOR ALL EVALUATIO# CRITERIA 
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FIGURE 3-22 OPERATIONAL SYSTEM NO. 8 - (M2) 
_ _ - ~  ---- - WEIGHTED AVERAGE FOR ALL EVALUATIOAI CRITERIA 
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3 . 3  RESEARCH VALUE ANALYSIS 
3.3.1 RESEARCH OBJECTIVE!RESURCH Y'ACILITY CORRELATION - Research Objectives 
were reviewed by MCAIR t o  quant i ta t ive ly  determine thz  ex ten t  t o  vhich each of them 
coald be fulf i l led i n  poten t ia l  new ground test and candidzke new f l i g h t  fEcilities. 
The i den t i f i ed  Research Objectives are presented i n  Sectioc 3.1 
new f a c i l i t i e s  f i l l y  described i n  Sections 4 and 5 ( f l i g h t  t es t )  and 5 and 7 
(ground test). Correlation of each object ive w i t h  t h e  f a c i l i t y  capabi1'lt;- t=i:xt,iT:s 
i den t i f i ca t ion  of the value of  each f a c i l i t y  as it relate.; t o  a given Resekrch 
Objective. When coupled w i t h  the i n t r i n s i c  value of a s p e c i f i c  Reseiwch 9bJective 
(to achieve high-confidence development of a.n operat ional  vehicle), t h e  object ive/  
f a c i l i t y  c o r r e l a t i m  provides a measure of the value of each f a c i l i t y  and quant i f i -  
cat ion of t h e  f a c i l i t y  contr ibut ion t o w a r d  achieving t h e  Research 9bject ives  
r e l a t ed  t o  a pa r t i cu la r  ogerat ional  vehicle.  
diagram shown below. 
-- 
w i t h  candidate 
The process is c l a r i f i e d  i n  the flex: 
Research 
Objective 
v 
Gvaluated 
Against 
Po ten t i a l  
Operational 
Vehicle 
0 
with Tes t  
F a c i l i t i e s  
v 
Etralwated 
Against 
Potent i & 
Operational 
Vehicle 
Value of Research 
Accomplished i n  Each 
F a c i l i t y  f o r  P o t e n t i r l  < -  merational Vehicles 0 I n t r i n s i c  Jec t ive  Pulfi 
A tabulat ion of t h e  3esethtch WIec t ive / t e s t  f a c i l i t y  cor re la t ion  
appl icable  t o  t h e  basel ine operat ional  v&in'les is presented i n  Appendix A of 
t h i s  volume. 
cable p o t e n t i a l  operat ional  aircraft, caudidate test P a c i l i t i e s ,  t h e  portion of 
the object ive f U f i 3 l e d  ir? T w h  f a c i l i t y ,  and test f a c l i ' t y  l imi t a t ions ,  where 
appropriate. For some object ive%, a d~sc.?zWble Cifferenct may be rea l ized  i n  
appl icat ion of a specific Research Qbjec t ive / f ac i l i t y  c ixrFl%Lion t o  t h e  po ten t i a l  
opcrational sehicles. For these cases, an appropriate grouping; of operatiorLal 
vehicles (e .g .  Rscket Boost vs Airbreathing) is i d e n t i f i e d  aad the  tes t  f a c i l i t ;  
capabi l i ty  determined accordin& for each obJsctfve. 
This tabula t ion  is  categorized i q  c>,iectives, ind ica t ing  the  appli- 
The Research Objectives are categorized ~ c c ; r 2 i =  t o  major technical 
This categorizat ion d i sc ip l ines ,  as described previously i n  Section 3.1. 
f a c i l i t a t e s  the  obJec t ive / f ac i l i t y  cor re la t ion  t a s k  by ident i fy ing  the  technica l  
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gioup. For those cases where an object ive appears t o  be repeated i n  two or more 
technical d i sc ip l ines  , the  cor re la t ion  wi th in  each d i sc ip l ine  was baaed upon the  
portion of t h e  overa l l  Research Objective appl icable  t o  t h a t  specific: d i sc ip l ine  . 
For example, development of a regenerative hydrogen hea t  exchanger i s  a struc- 
t u r a l  objeci ive (Number 34, t o  develop long-life s t r u c t u r a l  concepts);  a propul- 
sion object ive (Number 53, t o  develop engine component technology); and, a sub- 
system object ive (Number 70, t o  ver i fy  f l u i d  correlat ions and f l u i d  control tech- 
niques). As a r e s u l t ,  only those f a c i l i t i e s  are ident i f ied  fo r  each case which 
satism the specif ied d isc ip l inary  objectives.  
The r e l a t i v e  capabi l i ty  of each f a c i l i t y  t o  accomplish or c o n t r i h t e  t o  
t h e  sa t i s f ac t ion  of a Research Objective is based on t h e  general  contr ibut ion 
of t e s t i n g  t o  the  scope of the task,  and a lso  upon the  port ion of t h e  object ive 
which the f a c i l i t y  is determined capable of s a t i s w i n g .  Each f a c i l i t y  capabi l i ty  
number so  generated includes the capabi l i ty  of ex i s t ing  ground f a c i l i t i e s ,  con- 
sidered co l lec t ive ly ,  i n  conjunction w i t h  the new ground or f l i g h t  f a c i l i t y  under 
consideration. 
Poten t ia l  new ground test f a c i l i t i e s  considered i n  t h i s  cor re la t ion  are 
those ident i f ied  as a t t r a c t i v e  candidates i n  Sections 4 and 6. 
was reviewed t o  determine the contr ibut ion cf' t ha t  pa r t i cu la r  f a c i l i t y  i n  terms of 
satisfying the Research Objectives. Again, the object ive was studied t o  determine 
the overal l  scope and the e f f ec t ive  contr ibut ion of empirical  results before 
assessing the  r e l a t i v e  contr ibut ion offered by a given f a c i l i t y .  
Each of these 
Candidate f l igh t  research vehicles ,  i den t i f i ed  i n  Sections 4 and 5, w e n  
assessed i n  much the same m e r .  
r e s t r i c%ive  as f o r  ground f a c i l i t i e s ;  i.e. f l i g h t  research f a c i l i t i e s  are, of 
necessity,  interdiscipl inary.  Hence, they offer  the capabi l i ty  t o  perform a 
variety of  Fiesearch Objectives. For the most pa r t ,  ground f a c i l i t i e s  are t a i l o r e d  
toward satisfaction of Research Objectives pecul iar  to a given type of research. 
Correlation of f l i g h t  research facilities w i t h  each Research Objective is included 
i n  the tabulat ion presented i n  Appendix A. 
!The synthesis of f l ight vehicles  w a s  not as 
Key parameters used t o  assess capabi l i ty  of wi.i?d t m e l  f a c i l i t i e s  t o  
meet aerodyamic object iv2s ere RetJnolds number, Mach number, and run time, 
along w i t h  physicaJ acceptance of model size. 
by requirements fo r  flight simulators with 6 degrees of freedom, notion simula- 
t ion ,  ami audio-visual displays.  
engine test f a c i l i t i e s  contr ibutes  s ign i f i can t ly  t o  achievement of  t h e  aerotherm& 
objectives.  
Reynolds number and Mach number capabi l i ty  for  accomplishing t h e  high speed objec- 
t i ves .  
ob.jectives requir ing vehicle  operation f l e x i b i l i t y  or flying q u a l i t i e s  invest i -  
gations. 
found t o  offer s ign i f i can t  capabi l i ty  for s a t i s f a c t i o n  of subsonic and t ransonic  
f l i g h t  Research Objectives . 
These parameters are supplemented 
The high temperature capabi l i ty  ava i lab le  f rom 
Potent ia l  new f l ight  f a c i l i t i e s  were generally graded on their  
During t h e  se lec t ion  process, t.umamed vehicles  were downgraded for those 
me variable  s t a b i l i t y  and lower speed d l -body configurations were 
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Contribution of t h e  candidate new s t r u c t u r a l  and manufacturing f a c i l i -  
ties were g e n e r a l 7  measured ir, terms of physical  s i z e  of t h e  accommodated test  
specimen anC overa l l  power capabi l i ty  for simulation of heat load, dynamic test 
capabi l i ty ,  and overa l l  mission environment. 
expected t o  provide capabi l i ty  f o r  accomplishing high temperature flow simulation 
t o  allow t e s t i n g  i n  a representat ive dynamic pressure environment. 
Rtsecareh Objectives which required experimental data f o r  solut ion were considered 
s a t i s f i e d  i n  their  e n t i r e t y  by demonstration on a flight vehicle.  
The engine test f a c i l i t i e s  are 
St ruc tura l  
Propulsion object ives  were satisfied, i n  general ,  by combination of air  
flow a d  simulated temperature capabi l i ty  w i t h  r e l a t i v e  ranking performed i n  
proportion t o  the Mach number and Reynolds number capab i l i t i e s .  For component 
and control system development, f l u i d  flow f a c i l i t i e s  were also found t o  of fe r  
a valuable contribution. 
on the  basis of the propulsion concept incorporated i n t o  that  vehicle.  
example, the rocket-boosted vehicles o f f e r  l i t t l e  or no po ten t i a l  f o r  satis- 
fact ion of turbor-et development objectives.  
applicable flight vehicle  w a s  measured i n  terns of Mach number and Reynolds number 
capabi l i ty ,  as compared w i t h  the flight environment f o r  the operat ional  vehicle.  
Candidate new flight f a c i l i t i e s  w e r e  judged FpplicabJ a 
For 
The relative contr ibut ion of each 
The extent t o  which f lu id  flow facilities can contr ibute  t o  sa t i s fac-  
t i o n  of t he  Research Obdectives related t o  del-elopment of the cryogenic pro- 
pel lan t  systems is measured i n  terms of storage capacity,  operating pressure, 
and mass flow capabi l i ty .  Total  power capabi l icy impacts development of the 
heat exchanger and hot gas control  hardware, while envirorunental chamber s i z e  
provides a l t i t u d e  simulation capabi l i ty  for horizontal  t&.,'pressurization 
system devebpment. 
extent by v i r tue  of concept demcnstration. 
correlat ion of f a c i l i t y  capabi l i ty  w i t h  Research Objectives Ss b r i e f l y  summarized 
for each baseXne object ive i n  tk.9 1isTfng presented i n  Appendix A. 
Flight, f a c i l i t i e s  w e r e  considered t o  contr ibute  t o  a large 
The r a t iona le  which accompanies the 
The r e s u l t s  presented are representat ive of the  first l e v e l  of de f in i t i on  
of the Research Objectives and required development tasks. 
current evaluaticns of t h e  Research ObJectives w i l l  enable a more meaninqful 
def in i t ion  of tasks and subsequent cor re la t ion  of f a c i l i t y  capab i l i t i e s  ( i n  
terms of both absolute d u e  and r e l a t i v e  increment) during Phase 11. 
3.3.2 RESEARCH VALUE RESULTS - Fzc i l i t y  research values were determined based 
on the i n t r i n s i c  values of the  Research Objectives,  described i n  Section 3.2, and on 
the capabi l i ty  of ground a d  flight f a c i l i t i e s  tc.  accomplish the obJect ives ,  sum- 
marized i n  Section 3.3.1. The i n t r i n s i c  value of each Research Objective represents  
the r e l a t i v e  value of the object ive i n  contr ibut ing t o  the necessary research f o r  an 
operaAona1 hypersonic airplane.  
and i n  flight and ground testing evaluated the capabi l i ty  of ex is t ing  ground f a c i l -  
i t i e s  a d  new ground and f l i gh t - t e s t ing  facilities t o  achieve these object ives .  
The r e s u l t s  of 
MCAIR s p e c i a l i s t s  i n  the technica l  d i sc ip l ines  
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The research value of each new ground and f l i g h t  f a c i l i t y  w i t h  regard t o  a > a r t i c u l a r  
Research Objective w a s  then detemhed by multiplying the i n t r i n s i c  value of t h e  
object ive by the f r a c t i o n a l  part  of t h e  object ive which could be satisfied i n  t h e  
f a c i l i t y .  
search value of the f a c i l i t y .  This vaLue represents  the capabi l i ty  of t he  f a c i l i t y  
t o  s a t i s f y  the research requirements generated bj each p o t e n t i a l  operat icnal  byper- 
sonic systen.  
Sumnation of these values f o r  a l l  t h e  object ives  y i e lds  the ove ra l l  re- 
Resemch values are summarized for t h e  candidate ground test facil i t ies i n  
Figure 3-24 and f o r  the  candidate f l i g h t  research vehicles  i n  Figure 3-25. 
are presented f o r  each of t he  nine p o t e n t i a l  operat ional  systems. 
Figures 3-24 and 3-25 are values representing the tJ,tal research required f o r  
achieving each of the  operat ional  systems, determined by summing t h e  i n t r i n s i c  
values of a l l  the object ives  which apply t o  that  system. 
i n  perspective t h e  research capabi l i ty  value shown f o r  each 3f the  new ground av2 
f l i g h t  f a c i l i t i e s .  
Values 
Also shown i n  
These s u m m w  v a h e s  place 
It is des i rab le  to zeropare the  capabi l i ty  of each research faci1it.y i n  a 
generalized sense as w e l l  as for spec i f i c  po ten t i a l  operat ional  systerrs. 
accomplished by develoring an average value for t h e  spectrum of p o t e n t i a l  oy>eretiond 
systems. 
selected as representat ive of d i s t i n c t  differences i n  vehicle  concepts. 
c lasses  w e :  (1) LL, (2 )  L2, L3 & L4, ( 3 )  Cl, ( 4 )  C2, (5) MI, and (6)  
Average values are determined within the  groups, and then the  values for the  
s i x  grc-qis aye averaged t o  obtain +.he sumnary values presented i n  Figure 3-26. 
This j s  
This average value is  derived by grouping t h e  vehicles  i n t o  s i x  c lasses  
These s i x  
& M3- 
Research vaiue is used as a figure of merit i n  evalmting; t h e  capabi l i ty  
of research f a c i l i t i e s .  
the  s i x  technica l  areas (Aerodynamics, Thermodynamics, S t ruc tures  and Materials, 
Propulsion, Subsystems, and Operation) illustrates t h e  impact of the operat ional  
system being considered on t h e  r e l a t i v e  a t t r ac t iveness  of candidate f l igh t  research 
vehicles.  
Analysis of f a c i l i t y  stLpability r e l a t i v e  t o  Objectives i n  
An exmple  of t h e  strong co r re l a t ion  between a p a r t i c u l a r  t;vpc of research 
vehicle  and a corresponding c l a s s  of operat ional  systems i s  shown i n  Figure 2-27. 
Two f l i g h t  f a c i l i t i e s  are considered i n  this example: F a c i l i t y  200 ( M  4.5, TRJ) and 
F a c i l i t y  250 ( M  12,  RKT). Each of these  f a c i l i t i e s  is considered i n  relation t o  two 
potent ional  operat ional  systems: L3 (M 12, RKT) and M1 (AMI :  M 4.5, TRJ).  A s  ex- 
pected, F a c i l i t y  250 contr ibutes  more toward achieving Research Objectives leading 
t o  development of L3 than does F a c i l i t y  200 (1816 t o  11531, while F a c i l i t y  200 shows 
an advantage (1505 t o  1335) i n  the  ak ta imen t  of object ives  required f o r  Ml's devel- 
opment. These f a c i l i t y  values are shown as the  numerator i n  t h e  upper r i g h t  port ion 
of each graph, along wi th  t he  t o t a l  research required f o r  the operational system 
(shown as the  denominator and found by summing the i n t r i n s i c  values of c i l l  t h e  ap- 
p l icable  objec t ives)  e 
researp5 achieved by the f a c i l i t i e s .  Some c l a r i f i c a t i o n  of t he  f ac to r s  involved i n  
deriving these ove ra l l  values is  provided by t he  breakdown according t o  technological 
area shown i n  each quadrant of Figure 3-27. 
t he  object ives  do not lend themselves t o  clear-cut categorizat ion by technological 
area ( e . g . ,  object ives  involving heating problem= tire included i n  the  s t ruc tu res  and 
Also shown are the  corresponding percentages of required 
It should be recognized t h a t  some of 
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FIGURE 3-23 RESEARCH VALZES FOR GROUND FACILITIES 
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FIGURE 3-26 FACILITY RESEARCH VALUE SUMMARY 
(Values Averaged Over A l l  Nine Operational Systems) 
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materials a rea  if' i n  the developner,'; s tage ,  but  a r e  l is ted as thermoJ,.rnamics 
objectives i f  s t i l l  I n  the  research s t a g e ) .  
t he  e\raluation process S tc ta ted  B grouping of t h e  object ives ,  and the  rc:ults 
support t he  v a l i d i t y  of t h e  se:x.ed breakdom by technological area. The shaded 
portion for each t e r h m l o g i c a l  a r ea  i n  t he  bar char ts  of Figure 3-27 indicates  t he  
research achievable by the  f a c i l i t y  with regard t o  t h e  objectives included i n  t h e  
technological area.  
value of research required i n  t he  technological area.  
by summing the  i n t r i n s i c  values of a l l  t h e  cbjcct ives  i n  t h e  area.  
the  same value can be derived by multiplying the  average value i n  t h e  area by the  
number of objectives In t h e  area.  
weighting influence of t he  area i s  applied. Hence, 
Nevertheless, p rzc t fca l  aspects ~f 
The t o t a l  bar (shaded plus unshaded) represents t h e  t o t a l  
*This value i s  calculated 
Alternately,  
The average value i n  each area is  50 before the  
= average value i n  technological area 
= 
= average technological area weighting 
'AVG 
wT 
'AVG 
where: 
r e l a t i v e  weightinq of technological area 
= 1/6, aJ;d 'AVG Since i n  t h i s  study s i x  technological areas are involved, 
= 300 WT v~~~ 
The t o t a l  valile of  research required i n  a technologi-a1 area (equivalent t o  t h e  
sum of the  i n t r i n s i c  values i n  the  area) can then be exprested by t h e  f.xmula: 
where: VT = t o t 4  research value i n  technologizal area 
WT = relative weighting of technological area 
N = number of obSectives i n  technological area 
For example, s ince  t h z  number of okJectives i n  t he  a e r o d y c d c s  area ap2licable 
to  Operational System L 3  is  16 and t h e  r e l a t i v e  weighting for t h i s  area is  .7.83, 
t h e  t o t a l  value of aerodynamics research r e l a t i v e  t o  L3 a c c o r d i q  t o  t h e  above 
equation is: 
as shown i n  F igwe  3-27. Thus, t h e  height of each t o t a l  block i n  t h i s  f igure  
depends on two fac tors :  
number of objectives (N) i n  the area. I n  each of the  four graphs of t h e  figure, 
the sum of the ?values represented 5y t h e  s i x  to ta l  blocks (shaded p lus  unshaded) 
is shown i n  t h e  upper right port ian of t h e  grapb as t he  t o t a l  research required,  
while the  sum of the  shaded po-tions only i e  shown 3s the  research achievable i n  
the f a c i l i t y  
(1) t h e  r e l a t i v e  importance (:J ) of the  a rea  and, ( 2 )  t h e  T 
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As i l l u s t r a t e d  by t n e  data  of Figure 3-27, t h e  overa l l  advantage of 1816 
t o  1153 for Fac i l i t y  250 over Fac i l i t y  200 i n  r e l a t i o n  t o  Operational System L3 is 
due primarily t o  the  difference i n  research achievable by these two f a c i l i t i e s  i n  
the areas of aerodynamics (699 t o  493), s t ruc tu res  and materials (460 t o  2661, ar*d 
subsystems (284 t o  77). 
f a c i l i t y .  For reference,  Ob,iective 58, "Selection of' Best Multi-mode Cycle and 
Engine Size, i s  t h e  only propulsion object ive for which F a c i l i t y  200 has capa- 
b i l i t y  i n  r e l a t ion  t o  L3, and Objective 62, "Rocket-Powered Er,gice Operation i n  
Horizontal Takeoff Aircraft," is t h e  only propulsion object ive which F a c i l i t y  250 
can even p a r t i a l l y  satism f o r  L3.  Hence, s ince Fac i l i t y  200 is judged t o  be 
capable of accomplishing 30% of Obiective 58, which has  an i n t r i c s i c  value of 81, 
Fac i l i t y  200 has a propulsion value of 81 X -30 = 24; and since Fac i l i t y  259 is 
rated capable of s a t i s fy ing  95% cf Objectivz 62, which has  an i n t r i n s i c  value of 57, 
F a c i l i t y  250 has a propulsion value of 57 X .95 = 54. For Gperational Syster: Ki, on 
-the other  hand, t he  advantage a t ta ined  by F a c i l i t y  200 can be a t t r i b u t e d  Itainly t o  
i t s  l a rge  advantage i n  t h e  propulsion area. 
achieving a port ion of f i v e  of the  s i x  objectives included i n  t h i s  area r e l a t i v e  
t o  M l ,  accumulating a Dropifision value of 261. 
(employing rockets only!, has no capabi l i ty  f o r  achieving any of t h e  s i x  objectives 
involved, r e su l t i ng  i n  a propulsion value of zero relatire ta M l .  Tn i s  type of 
breakdown by technological area, o r  even by individual object ive,  i s  avai lable  
from t h e  research value analysis  performed during Phase I. 
L i t t l e  i s  provided i n  the  propulsion area by either 
?t 
F a c i l i t y  200 i s  judged capakle of 
By comparison, F a c i l i t y  250 
A f igure  of merit which may be used f o r  f l i g h t  research vehicles is  t h e  per- 
cent of t o t a i  research requirements which can be f u l f i l l e d  by each tent vehicle .  
Four representat ive f l i g h t  research vehicles are compared on t k ' . s  basis i n  Fig- 
ure 3-28. 
f l ight  vehicles and operational systems with similar performance and configuration 
cha rac t e r i s t i c s .  The bars f o r  each f a c i l i t y  represent t he  range of values for each 
research veh!.cle considering t h e  complete spectrum of po ten t i a l  oFerationa1 sys- 
tems, "he percentage of research accomplished is derived fro: the  data presented 
i n  F igure  3-25 by dividing t h e  research value for t h e  p a r t i c a l a r  research vehicle 
by t h e  t o t a l  research requirements for each operat ional  system. A-rerage research 
values and to t a l  systexri costs are also i den t i f i ed  i n  Figure 3-28 fo r  the  four 
representat ive tes t  aircraft. 
base2 on t h e  c m p l e t e  vehicle descr ipt ions presented i n  t h a t  sec t ion ,  and are in- 
cluded ncre only for posi t ioning t h e  vehicles along t h e  abscissa.  
This comparison i l l u s t r a t e s  the  consis tent  match between carrdidate 
The cos ts  shown are developed i n  d e t a i l  i n  Section 4 ,  
3.3.3 
t h e  primary analycis  of Research Objectives involves only those object ives  
e s s e n t i a  t o  t h e  development o f  po ten t i a l  operat ional  systems. Those of t h e  
o r i g i n a l  l i s t  GI? 102 object ives  which are concerned w i t h  opt ional  Fropuision 
systems, or which involve overlap or redundancy with o the r  obJectives,  are not 
considered i n  the  basel ine case. However, t he  entire l i s t  of 102 object ives  
r e l a t ed  t o  each ogerational system, including options and redundant object ives ,  
h s  been examined, and the  results a r e  presented i n  Figures 3-29 through 3-37. 
!lhe opt ional  and the  redundant object ives  are designated ir! these figures by 
as te r i sks .  
seen by comparing these results with those shown i n  Figure 3-15 through 3-23 for  
the basel ine case. 
for t h e  62 object ives  r ?lat ive t o  System C2 (MlO, TRJ/CSJ, Commercial HST). for 
R E S E N C H  VALUE FOR BASELIm .). OPTIONS CASE - As noted previously, 
The e f f e c t  o f  the inclusion of these addi t iona l  object ives  can be 
The ranking and i n t r i n s i c  valce (weighted average) assignments 
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FIGURE 3-29 OPERATIONAL SYSTEM WO. 1 - (U) 
NEIGHTEO AVERAGE FOR ALL EVALUATIW CRITERIA 
". pIIOPULSIo* 
t. s U B S Y S ~ C * S  
F .  O P t R l l l C N  
R A W  COO€ 
1 
z 
3 
5 
b 
1 
(I 
5 
IC 
11 
IZ 
I 3  
I 4  
15 
16 
11 
IO 
10 
20 
21 
22 
23  
29 
25 
21 
27 
28 
29 
1G 
31 
32 
33 
36 
35 
M 
3 1  
3F 
39 
bc 
91 
a? 
43 
44 
45 
M 
48 
40 
sc 
51 
52 
53 
54 
55 
¶b 
57 
59 
a 
bI 
b2 
b3 
b4 
b5 
bb 
67 
be 
bQ 
TO 
11 
72 
1 3  
74 
7b 
77 
18 
79 
80 
82 
R 4  
e6 
a7 
(18 
89 
pt 
4 
zr 
51 
t s  
e1 
n3 
as 
7 e  
5 1  
98 
50. 
34 
43 
3 
31. 
b7 
4 
44 
45 
52 
05 
I2 
42 
33 
s(r 
50. 
0 
4a 
90 
32 
7 
21. 
a. 
19 
16 
1 
30 
ob* 
5 
2 
53. 
b3* 
91. 
(i 
4b 
11 
1- 
?b- 
41 
26. 
20 
Sb 
22 
IC 
10 
54. 
37 
7 0  
25 
75 
5n 
01. 
no 
nv 
bn 
I5 
94 
73 
3 0  
27 
n7 
I*  
I02 
13. 
07 
t n  
3n 
88. 
05 
83 
23 
96 
b0 
35. 
T4 
oo* 
72 
02 
i n  
n2 
71 
83.  
101 
19 
1+* 
91 
10 
YE imwEn 
AVf.ACE 
75 .5 
7*.R 
73.4 
13.1 
72.1 
72.7 
70.2 
b7.b 
bV.4 
65.8 
65.; 
b5.b 
W.0 
M.0 
63.0 
b3.0 
63.4 
bZ.8 
e.0  
61.0 
6 I . B  
61.2 
60.0 
59.6 
58.8 
4c.o 
58.5 
50.2 
57.0 
S7.B 
57.5 
56.5 
56.2 
55.3 
54.9 
54.a 
54.0 
53.7 
53.4 
52.8 
50.8 
50.7 
4Q.3 
cO.1 
6S.0 
45.8 
45. 1 
65.3 
U.6 
44.4 
44.3 
44.2 
42.b 
42.1 
42.O 
42.c 
r1.e 
41.b 
41 e 0  
4005 
40.4 
40.3 
30.b 
39.5 
39.5 
30.4 
39.4 
39.2 
38.4 
33.b 
37.9 
37.4 
34.3 
u. 3 
33.5 
31.4 
31.3 
31.1 
29.7 
2405 
2s. 1 
n1.t 
5e.5 
5n.4 
51.1 
45.1 
41.e 
3e.0 
ze.5 
28.3 
3-54 
REPORT MIX A0013 0 2 OCTOBER 1970 
VOLUMEII BART 1 
FIGURE 3-30 OPERATIOMAL SYSTEM NO. 2 - (L2) 
WEIGHTED AVERAGE FOR ALL EWALUATION CRITERIA 
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FIGURE 3-31 OPERATIONAL SYSTEM NO. 3 - (L3) 
WEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA 
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FIGURE 3-32 OPERATIONAL SYSTEM NO. 4 - (L4) 
WEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA 
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FIGURE 3-33 OPERATIONAL SYSTEM NO. 5 - (Cl) 
WEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA 
~ E C H N O L U C ~  C A 1  ARF A RFL. U l .  NO. EVALUATORS E V A L U A l 1 O Y  CR'TER.ON RFL.  UT. 
A. AERODYNAMIC S . I  P 3  2 2  A. TFCtW(r(n1OCY ABVANCFYENT .604 
.39h _. 8. THLRnODVNAMIC S . l h S  I 8  R. COST C SCHEOIUF ---n -
0. PRUPUL I ON 
E. SULSVSlEMS 
F. O P E R A l l O N  
- a l l (  CUOE n8J FC 1 I v E 
I 
2 
3 
4 
5 
6 
7 
R 
9 
10 
I 1  
12 
I 3  
14 
15 
16 
I 7  
10 
2@ 
21 
22 
23 
2- 
25 
2a 
27 
29 
3C 
31 
32 
33 
34 
35 
36 
37 
39 
4c 
41 
42 
43 
44 
45 
46 
47 
48 
40 
5c 
- 51 
52 
53 
54 
55 
5b 
58 
59 
60 
61 
62 
- - ~  63 
h4 
65 
hb 
67 
6Q 
. 64 
7C 
71 
72 
73 
74 
- T5- 
7h  
7 7  
78 
7 9  
- __ 
i n  
- .  
28 
3e 
- 9- 
nc 
n i  - 
02 
83 
06 
05 
06 
m? 
RH 
57 IURBORAMJEI SYSTEMS - OFVELl lP t OEMONSIRLlF 
? P  REUS 1HML PRO1 SlMS - CRVO F U E L S I O X I O R  1NNC 
59. R A W J E l  SVSTEMC - n E V E L n P  C DENoE(S1RATE 
34 L U ~ G - C I F E  RFCCN-COOLEO S f R U C l l l R A L  C I l N C F P l S  
6 7  I NLF T l E N G I N E  COWPAl I BIL I I V  CR I l F H  I A 
310.-  REUSIieLE H E I T  SHfELfi SVSlEMS 
5F B E S l  Y U L I l * O D E  CVCLE L ENGIYF S I Z E  
65 N O Z l L E  C O N F I C U R A I I O N S  
52. F'.:IAE D E S I G N  C N C P l S  FOR VAR1r)lIS COOL IUG IFCMNT 
44 YECHIPHVS P R n P E R l l F S  Cc AOVAWEO M A l F R l A L S  
45 f 4 8  I E c H Y C  - AOV U A T E R I A L S I C t W P L C X  SIRUCTURFC 
50. VORIAELE CAPTUIIE AREA I N L E I  OFSIGNS 
40. E F F F C I S  ON PERFIORAG OF INLET I N  PRESSURF F I F L n  
42 F U L L  SCALE COWP 1 E S l  OF S l R C l I l H W S T R C l  SVSTFMS 
33 COhTROL SURFACE TFCHNOLDCV 
12 HVPERSONIC EOUNOARV L 4 - 7 R  BFHPVIOR 
3&*--- F F ~ ~ ~ f f 7 t Y R - M E C r ~ L O Y G .  'TLA SmS CVC. 1 F Y P  VAR 
4-1--- - r w r  cnwtcunrrrnrs u I T H  o e s i a A e L c  CMARC 
4 3  REUSABLE r w m i  P R n i e c r  S T *  - PRIMARV s i R u c i i m E  
3 SUPbPSONIC L HVPERSONIC AERO C H A R A C I E R I S ~ I C S  
. __ 
4 1ESfc TECMNS FOR RF NO. Sn(KI( HAVE L RNOV L R  PWFN 
9 
40 
66. 
53. 
32 
63. 
21. 
3 0  
7 
9. 
16 - 
19 
I 
5 
2 
47. 
4 6  
6 
7 6. 
41 
17. 
56 
74. 
ZC 
7c 
12 
56. 
RQ 
29 
'7T5'--7NC I A N C C O N t F P T S / F U F L  SVS IlPFff 0 CNTL T€Cmr- 
90 A C l U A l l O N  l F C H N S  6 HOUR FOR C Y l L  SURFACE Ml'tllOk 
04 48OhT. FUEL W Y P .  F 5 C A P E  L EMERC EGRESS 1CCMNS 
P7 TERMINAL APPROACH I L A N D I N G  MclWflOS 
81. HI i E w  ACTUATOR SVSTEWS - I N L C ~  L NOZZLE ADJS 
- -  
P 4 R A Y A l E R S  A F F E C I I N G  S l A B l L l r V  L ,O&iROL 
lE'-T L l h S Y  WETHOIS F I X  AOVANCEO SlRUCTI lRES 
VAalA.RLE NOZZLE CEnW DEOS L wECMANICAL C O k C F P l S  
E N C l h f  COMPONENT TFCHNnLOCV - CRVO FUELS 
RECSABLF L E A O I N G  FOGF C C N C f P I S  
ECF%Ct lVE I N L E T  C O n l R D L S  
HVPER AFHCTWERMO PREDICT IECMNS - A C l  S l W U L S  
F U S E L A G E l l A N N  S T R U C l S  - MOPE E F F I C l E N f  C I K C F D l \  
EWT. F I S T  F X P  FOR ADD L l F l l P R C P  CAS F L O  I N 1  F W r ?  
M E A 1  I U A N S  6 DRAG FOR TUREULFNr BOUNOANV LAVFCS 
fi l l  SURFACE E F F E C l I W E A 1  E F F F C l t  W E N  DFFLFC I E D  
LOU S P E t Q  I110 C L A N O l N C l  AERfl C H A R A C l E R l S T I C S  
O P T l M l M  L ACCEPTAl)LF H A N D L I N G  M I A L I T I F S  
SV 5 O h l C  C 1RANSONlC AERO C ~ A R A C l E R l S T I C S  
PRbTECTIVC C O A l l N C S  FW M E l A L I  L NnN-WFIALS 
HIGH IEWPERAlURE F O U I P Y E N l  
SURFACEIINLE? P O S I T I O N  - FAVOR AFRO f V 1 F F F R E W F  
MEA1 E F F E C I S  - FLOW F I F L D I V E M  G F O l  I N l E R A C l l ~ N S  
E S l l M  CF CCWPONENl/STROCfURAL MASS FRACTIONS 
P a E D I C l  1CCHNS FIIR BNDY LAVFR I R A N S l l l J U  
C b w ) U S T I O N  PROBLFWS OF c l A M J E l l  FOR ItfRSl a l l C 3 G Y l  
EWREDDFO SMOCK. VORTFX. SEPLR L R E A I C H  F F F F C l S  
HVPFRSONIC ACROlME8M0 PARAWS IN 3-DIM F L C U  
SURFACE S H A P I W  L PRDl'JA EFFFCTS ON DRAG L H F A l  
AOVANCED E N C I N F  C O W P D h E N l l  - L I G H l  H r l S H o p T  L l F F  
MAh- PACHI NE COWPAT I B I L  I I V  - C W l  ROL /MAW I C A l  llllv 
SHELL I M E O q V  QEVFLOPMFNl - N ~ - C l R C l l l  Aa SMFLLS 
DES r E c m s  inn Ln SPEED cnms L IRAN nwt. P F W C i  
REGEN CRVO H F 4 1  E x c t m s m i R m  C O ~ L S I C ~ ~ L  CNI sins 
_-  ~ ~ - ~ 
68  1 n M L ~ C O k .  S l n R A C F  L SAFF MNOLG OF CRVJ EUFLS . .  -- 7 5 t i f n f q G  F f F F C n - F W W  FCOU-rMfflJ GAOS' 
7 3  c w n  SVSIEW C n M P O l t m r s  - R C ?  u i i i t w  QEL l A f I l L l T v  
97 LEAN o E i E c r i n N  w n o n s  FOR c R v n  FUFL TANKS 
107 I N S P E C T I O N  C R F O A l R  TECMNS FOR HVPFI( VEH STRCTS 
3 9  NEAR F I E L O  h O l S E  E F F F C l S  
I5 1ECMhS FOR A L L f V l A l I N G  S O N I C  RflIlW I N I F U C I I Y  
95 C F F F C f S  OF VAR CON05 ON RODSl.  C R I I t S F  C OESCFhI  
2 7  P l F n l C T  TECMNS FOR WFAT I R A N S F F R  - FNC F X H A l l S l  
78 S l A B I L I l V  A U c * C Y l  S V S l F y S I P E C O V F R V  FRO* P l O ' S  
06 C A P A E l L l l V  T f l  S t A V  U l l H l N  S*EClC nPER U A R G i N S  
6'3 F N V l R O h  CNTL S V S l F Y  - L l W l O  CRVO AS H f A t  SINM 
b9 F L C I O  DVN1~HERWCOVN CHARS OF CRVIl FUFLS 
90. O P T I P U U  L A N O I N C  T F C W M  FOR M V W R S O N I C  V E H I C I F  
13. I I N S I E A W  CCKTROL SIIRFACE HINGF M M I E N I S  
1 4  PREDICT lFCHNS FOR BUFFET JNCFI OF LOU AR A l C  
04 F N V I R C N  C N I L  SYSTLM - W-6 WVnRnCARWN V F H I C I F  
- T r C T R I I C T W F  Ma INT A IN1 NC. 6l!ROWIil7&TC SYOII I  WF(Z 
55 ErrC.lh€ N O I S F  R 5 O U C l 1 3 N  IYIRING 110 h I A Y O l N C  
92 ASCCENl 1 R A a L C l O R V  I W F S l I ~ l  I O N  
72 F U E L  SVSTFU DFSlGh PFO~IREWEYl5  
93. F F C l S  GF V F H  D V N I C E N T R I F  CFCTS ON CRFUIPSSNGRS 
a2 A U B I L I & R T  POaER U N l l S  
740 R A Y l n  CRVDTIENIC SERVICING l F C H l l l W F S  
101 A I R  T R A F F I C  CNTL PRCORS 6 CND-BASEn NAV 5 V S l E M S  
79 A I h  D A I A  M E A % I I R F W N I  IFCWNIQIJFS 
77+ FLUSH OR RECFSSCD a M F N N A  MSIr3J 1FCWNII)U)S 
91 C C P W U N I C A l l  CN l F C H N l O U F 1  
7Ci-- . CLUSH~ITECCSSFO A M F N k A F  C O V P A l  IRLF P A T I F U N S  
90 ATMnS OF WOTION L S F C U R I I V  I N  UINOfIWLESS A I C  
_. _ _  -99rwSmIll?W I4kF17- 1K O S F O F C R V O  FUFL S 
-3n - .mi- srnw F F F F ~  ON DVNIBIICFIINERT~A L n m s  
'-TT---CSPRWFUFNT OF HVIIPOCARR(IR FUFl SFRFORSANCF 
. _ .  
UFIGMlE'l  
AVFR A G i  
7h.9 
75.1 
74.9 
7c.4 
72.1 
71 .9 
64.0 
6Q.n 
67.7 
66.6 
66.4 
65 .5  
h9.5 
65.0 
66. n 
63.7 
h3.6 
h7.7 
61.7 
61 
f l . ?  
a0.q 
.. - 
*-.a 
.3 *.' 
55.1 
59.0 
5P.4  
S?. 7 
57.6 
57.3 
56.8 
56. * 
5h.5 
56.2 
56.7 
55.6 
54.7 
5?.R 
F3.3 
53.1 
57.5 
52.6 
51.6 
51.5 
49.4 
49.0 
47.6 
4 t . 5  
59.1 
44.R - -  - - --- 
44.6 
44.5 
4-4.7 
43.4 
6 3 . 0  
41.7 - - 
. . - . __ . . _. . . 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUMEU PART 1 
FIGURE 3-34 OPERATIONAL SYSTEM NO. 6 - (C2) 
WEIGHTED AVERAGE F3f ALL EVALUATION CRITERIA 
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FIGURE 3-35 OPERATIONAL SYSTEM NO. 7 - (Ml) 
WEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA __-__ __ 
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FIGURE 3-36 OPERATIONAL SYSTEM NO. 8 - (Ma) 
- _- .- - - -  WEIGHTED AVERAGE FOR A L L  EVALUATION CRITERIA 
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FIGURE 3-37 OPERATIQNAL SYSTEM NO. 9 (M3) 
WEIGHTED AVERAGE FOR ALL EVALUATION CRlTEPlA 
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example, are shown i n  Figure 3-20 for  t?.e baseline case. For comparison, thc 
results then the 26 additional o3Jectives pertaicing t o  t h e  possible optio:=s o r  
redundancies are inclbded are shown in Figure 3-34. 
objectives results i n  a s l igh t  reordering-of the bar.cline objectives (those 
without asterisks), re la t ive t o  the rankings shown i n  Figure 3-20. 
ing occurs 'Jecause t h e  26 new obgectives are not simply inserted i n  the rankine 
matrix. 
in a sligk variat ion i n  t he  in t r ins ic  values of all of the Reseerch Objectives. 
Inclusion of those  rriiditional 
This reorder- 
Rather, the evaluation process is represented i n  i ts  en t i re ty ,  r e s u l t i n g  
In another indication of trends,  the areas of the most highly desirable 
research are seen by examination of Figure 3-38. 
on averwng the rank (not i n t r in s i c  value) determined for  t h e  objectives for  
each operational system. 
Convzrtible Scramjet Systems", was ranked f i rs t  for  each of t he  four operational 
systems t o  which it applied, thus obtaining an average rank of 1.0, w h i l e  Objec- 
tive No. 57, "Develop and Demonstrate T u b o r w e t  Systems" w a s  ranked first t w i c e ,  
second twice, and th i rd  once for  t h e  five operational systems t o  which it applied, 
thus obtaining an average rank af 1.8. 
Objectives are shown in the  i l lus t ra t ion .  
are those involving propulsion systems and reusable thermal protection systems. 
The order presented is based 
For example, Objective No. 60, "Develop and Demonstrste 
Only the f i rs t  13 of t h e  102 Research 
The laminating Research Objectives again 
FIGURE 3-38 AVERAGE RAlUKllGS 
Vehicle Design Options lh'luded - 10 of 102 ObJectives Shawn 
3 4 -- 2 2 1 3 2 1  
4 - - - -  4 - - 4  - - -  
-- 7 - 4 - 5 - 4 2  
5 5 3 5 6 1 7 5 4  
6 6 4 6 5 6 5 6 5  
NOTE: The dashes indicate iWt +he research ObJeCrive does not apply to the partlc.alar systen. 
(page 3-64 is bleenlr) 
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6 .  GROUND FACILITY SYNTiIESIS 
Exadnation of t h e  Research Objectives l i s t e d  i n  Figure 3-2 indicates areas 
where ground research fac i l i t . i es  can make a s igni f icant  contribution t o  p u t c n t  i rl; 
new a i r c r a r t  concepts. 
necessary t o  achieve t h e  pertinent research were determined, and fram t h i s  inforvn-  
t i on  t h e  f a c i l i t y  concepts were formulated. 
summarized as fif ty-four individual f a c i l i t y  descriptions i n  Figure 6-1. 
The various f a c i l i t y  functions and data requirenients 
The r e su l t s  of this formulation w e  
6.1 APPROACH 
The research needed t o  design and develop an operational vehicle r e q i r e s  a 
complex array of tes t  f a c i i i t i e s .  Because of t h e  d ivers i ty  of f a c i l i t y  types aid 
t h e  unique special izat ion associated with each f a c i l i t y ,  very f e w  f s c i l i t i r s  .:: ul- 
a l l y  duplicate each other i n  performance or purpose. 
type f a c i l i t i e s  w e r e  necessary za meet the experimental requirements 
formulation c r i t e r i a  were devised: 
what iacrernent does it offer over ex is t ing  f a c i l i t i e s  for  t h e  costs  involved, and 
wha'. is i t s  contribution t o  t h e  confidence l eve l  leading t o  t h e  development of an 
operational vehicle? 
I n  order t o  determine W i A L l t  
the  followin;. 
How much research can t h e  f a c i l i t y  accomplish; 
Two categories of ground f a c i l i t i e s  were analyzed as par t  of t h e  f a c i l i t y  
synthesis. 
obtain the  confidence required t o  i n i t i a t e  development of a configuration; second, 
those which provide the experimental capabi l i ty  t o  develop and qualify a confiwra-  
t ion.  
are: 
F i r s t ,  those which have capabi l i ty  t o  conduct research n e c s s a r y  t o  
The categories of ground research f a c i l i t i e s  considered i n  t h i s  synthesis 
Gasdynamic 
Engine 
Structures 
Materials 
Flight SimLlation 
Fluid Systems 
Subsystem Test 
A v i  cn i cs 
N x  l e  ar Rad i a t i  33. 
The s i z ing  cr i ter ia  fo r  t h e  research oriented f a c i l i t i e s  require a more in- 
depth development than those f o r  f a c i l i t i e s  primarily intencred t o  test  f u l l  s ca l e  
hardware. The Phase I f a c i l i t y  sptesis is based on current construction and hard- 
w a r e  technology t o  provide a r e a l i s t i c  basis for  t h e  f a c i l i t y  cost  estimates. ;;ome 
of t h e  f a c i l i t i e s  presented represent only t h e  s i z e  and perfcrmance of t h e  f a c i l i t y  
required t o  accomplish researck objectives. Exact determinations of  t he  techniques 
with which t h i s  performance w i l l  be oktaiced w i l l  result from t h e  more deta i led  
analyses i n  Phase 11. 
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6.2 CANDDATE GROUND FACILITIES 
Figure 6-1 provides a brief general descriptian of  t he  candidatr. f a c i l i t i e s ,  
*-:%h more detailed descriptions and cost comparisons contained i n  Figure 6-103. 
These candidate facilities w e r e  selected on the  basis of t h e i r  potentia; t o  
accomplish the research objectives presented in  Section 3. 
iJi' candidate f a c i l i t i e s ,  the  following factors  were considered: 
In developing t h e  matrix 
(a )  Performance and s i z e  increment necessary over exis t ing f a c i l i t i e s  
(b) Extent of necessary simulation required for  a f a c i l i t y  concept 
( c )  Faci l i ty  operational times consistent with tasks t o  be accomplished and 
providing necessary data on t i m e l y  basis 
(d )  Variations in  the potential  vehicle's s ize ,  operational envelope, fuel, 
materials, and propulsion system. 
The performance requirements selected for  each candidate ground f a c i l i t y  b:se- 
l i n e  design were based on a judgement as t o  w h a t  was required t o  accomplish the  
ident i f ied  research obgectives. 
l i n e  for  the  nine categories of f a c i l i t i e s  are given i n  the following: 
The ground rules used for  establishing t h i s  base- 
The gasdynamic research f a c i l i t i e s  w e r e  sized on t h e  assumption t h a t  a capa- 
bi l i+,y of achieving 20% maximum f u l l  scale Reynolds number w a s  required. This is  
compared t o  the approxinately 7% maximum f u l l  scale Reynolds number capabili ty of 
exis t ing f a c i l i t i e s ,  when considering the  largest potential  operational hypersonic 
a i rcraf t .  
within the current state-of-the-art i n  terms of fabrication technology, but repre- 
sent a s ize  and dol lar  investment not currently undertaken. 
A l l  of the  gasdyxamic f a c i l i t i e s  listed i n  Figure 6-1 are probably 
"he design of the  engine resew :i f a c i l i t i e s  w a s  based on the  premise that 
duplicated f l ight  canditians would be necessary t o  develop and qudif'y actual 
advanced engines for the manned research a i r c ra f t ,  as w e l l  as the  p o t e n t i d  opera- 
t iona l  a i rcraf t .  
operating temperatures should be as close t o  actual values as possible for advanced 
technology engines operating at near stoichiometric fue l /a i r  ra t ios  
This premise resulted from the  assumption that the  engine 
The s t r u c t u r d  research facilities were i n i t i a l l y  sized on the  assumption 
that  a large airframe section of a f u l l  scale  potent ia l  operational aircraf't is 
desirable t o  obtain meaningful s t r u c t w e l  data. 
s h u l a t i o n  necessary would result fron the  Phase I a n a s i s .  
The degree of environmental 
:he materials research f a c i l i t i e s  were formulated as l o w  cost , highly produc- 
t i ve  f a c i l i t i e s  which could t ranslate  data from less expensive, small scale exper- 
iments into design c r i t e r i a  for  potential  operational a i r c ra f t  which could be 
ver i f ied in the  s t ructural  rescarch fac ilities. 
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The f l i g h t  simulator faci l i t ies  w e r e  formuiated t o  provide a complete research 
capabi l i ty  at one location. 
state-of-the xt i n  coaputer speed and capacity; however, t h e  accelerations and 
displacements represent a s t ep  beyond any ixr ren t  plans. 
The candidate facil i t ies are not beyond the current 
The f l u i d  test ,  subsystem, and avionics research f a c i l i t i e s  were s ized  on t h e  
simple premise tha t  fill S C ~ P  hardware research was necessary 30 develop and 
quaJim equipment ?cr *- j t e n t i a l  operation aircraft. The avionics f a c i l i t i e s  are 
extensions of c u n e i  r,abili+,y. For f l ight  conditlons less than Mach 12, tele- 
metry can be W C a P i  -z&Lec! at' S band frequencies (2-3 GHz), and communications can 
be accomplished at X band frequencies (10 GHz).  
The radiat ion research faci l i t5-  was envisioned as providing data pertaining t o  
s t ructure ,  material, hardware, and h m  damage incurred i n  a military s i t u a t i o n  
where offensive weapons attach is  a probabili ty.  
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6.3 FACILTTY DESIGN REQUIREMENTS 
I n  discussing the  f a c i l i t y  design requirements , t h e  governing c r i te r ia  are 
grouped i n t o  a )  a general  category related t o  a l l  types of ground f a c i l i t i e s  and 
b )  individual  requirements related t o  a more s p e c i f i c  descr ipt ion of a p a r t i c u l a r  
f a c i l i t y .  General c r i t e r i a  are discussed here , while individual  requirements are 
discussed i n  t he  sec t ions  devoted t o  t h e  d i f f e r e n t  f a c i l i t y  types. 
The general  c r i t e r i a  consis t  of def ining the  boundaries within which the  
proposed aircraft w i l l  fly and spec i f i c  l imi t a t ion?  which  ply within these 
boundaries. 
which wKI- d i c t a t e  tes t  f a c i l i t y  requirements. 
These areas are those required t o  be experimentally simulated; .:d 
F l i g h t  paths representat ive of t he  p o t e n t i a l  operat ional  hypersonic vehicles  
are p r e s x t e d  i n  Figme 6-2. 
operating envelopes, a f l igh t  cor r idor  bounded by 6. dynaxic pressure of 2000 Fsf 
(95,700 N/m2i  as a m a x i m u m ,  and 200 psf (9570 N/m2) as a minimum appears t o  
provide a r e d i s t i c  expression of t h e  range o f  Mach n u n b c s  ana a l t i t u d e s  f o r  
t h e  HYFAC a i r c r a f t .  
For the pqwse  of determicicg general  f a c i l i t y  
Wltnin t h i s  f l i g h t  corr idor  d i f f e r h g  aerodynanic and ',hemodynamic flow 
i*egimes cGuld  be encountzred i n  t he  local flow f ie lds  arrsnd t h e  a i r c r a f t .  Figure 
6-3 i s  as attempt t o  c l a r i f y  which flow regimes are r - r t i n e n t  t L  t h e  c l a s s  of 
aL-craft  represented i n  Volume V I ,  and t h e i r  influence on t h e  f a c i l i t i e s  -2ich 
must provide the necessary simulation. 
*he aerodynamic flow regimes could range from free mdecu la r  flows 
( e s s e a t i a l l y  no intermolecular c o l l i s i o n s  excep; I n  region of physical  body) 
t o  continuum flows (intermolecular c o l l i s i o n s  predominate t h e  state descr ip t ion) .  
These d i f f e r e n t  flow regimes could require  s i g n i f i c m t l y  d i f f e r e n t  experimental 
methods md flow diagnost ic  techniques. Their de f in i t i on  wi th  respect  t o  the  
pine poter i t ia l  operat ional  vehicles  i s  importar! . From Figure 6-3 it is  seen 
t h a t  t h e  majority Oi' the  f l i g h t  envslope fa l l s  within t h e  continuum flow regime, 
and at  worst ,  encounters SOFO t r a n s i t i o n  i n t o  the  s l i p  flow, f o r  diszances of 
one f n 3 t  ( .3Oj m )  r)r less. Therefore, non-continuum flow w i l l  be r e s t r i c t e d  t o  
small regions near leading edges, and the  ove ra l l  aerodynamics w i l l  be governed 
by continuum aerodynamics. 
The thermodynamic regimes a&-e important t o  many aspects of  experimental 
research. Depending on t h e  degree of  chemical equilibrium and the  chemical 
composition of t h e  gas adjacent t o  the  w a l l ,  both t h e  heat t r a n s f e r  rate and the  
usefill l i f e  of t h o  surface material ccjuld be affectei! t h r m g h  l o c a l  chemical 
reac t ions  between the  w a l l  and adjacent boundary l aye r  f l o w .  
From the  p l o t  of thermodynamic f l o w  regimes it i s  poss ib le  t o  ind ica t e  t h e  
areas i n  t h e  f l i g h t  cor r idor  where chzmical k i n e t i c s  can become important, and the 
extent  t h a t  chemical nonequilibrium e f fec t s  are present.  "hi ma3ority of the HYFAC 
f l i g b t  cor r idor  l ies  i n  the  region where chemical e f f e c t s  are negl igible .  Howe-.rer, 
at  a l t i t u d e s  and v e l o c i t i e s  greater than those gove?n.ing t h i s  studys nonequilibrium 
chemistry e f f e c t s  could be an important f a c t o r ,  with 40 t o  50 peJ-:e:it of t h e  110w 
energy f r m e n  i n  d isassoc ia ted  molecular qecies.  
t h e  nonequrlibrum chemistry effects are r e a k i c t e d  to !wee.@ ad3acenf t o  t h e  
1.eading edges of t h e  craft. The gas flow encountere3 
However for  the HYFIC a i r c r a f t ,  
e- 
(v 
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by t h e  aircraft kla~r then 3e treated as continuum f l o w s  w i t h  negl ig ib le  noaequilib- 
rim chemistry effects. 
s iderzd  as a per fec t  gas with variable s p e c i f i c  heats.  
For t h e  purpose of s i a u l a t i o n ,  the flows w i l l  be coli- 
The generalized cor r idor  does not provide all t h e  information necessar:.r t o  
judge the s inuia t ion  requirements because it ioes  not presen t  any l imi t a t ions  on 
the fl ight.  envelope imposed by s t r u c t u r a l  l i m i t s ,  wid el-rtvaterf tenperaturc: I rGE- 
erties of  t h e  materials used t o  fabricate t h e  vehicle .  
Figure 6-4 r e r r z sen t s  a m d i f i c a t i o n  t o  t h e  general f l i ah t  cor r idor  t o  
r e f l e c t  different l in l i ta t ions  and operating regions for  t h e  p o t e n t i a l  oper2fiscnl 
si rcraf t .  The noise and sonic boom i i m i t s  are appl icable  to t ranspor t  systems 
ar zny systed which must operzte over populated a reas  w i t h  t h e  consent of loeal 
government. The duct pressure l inits  spply t o  ramjets mcl other  enqines enclose? 
i n  ducts  where subsonic duct flow exis ts .  The s c r q i e t  w i t n  i t s  supersonic 
combustion and lower s t a t i c  pressures  could f l y  near t h e  czsximm dynamic 
pressure l i m i t .  
To assess the l i m i t a t i o n  associated with elevated sur face  teznperzt-ures, 
it is necessary t o  relate material temperature l i n i t s  t o  angle of a t tack ,  io65 
factor, ?.!ach number and a l t i t u d e .  A r e l a t i o n  f o r  constar,t surface temperature 8s  
a function of angle of attack, Mach cumber, ar,d a l t i t u d e  is presented i n  F igu re  
6-5. Using a MCAIR boundary l a y e r  heat ing ana lys i s ,  t h e  :4ach number and a l t i t u d e  
combination which produce a given surface rad ia t ion  equ i l ib r iup  temperature for  
a selected angle of attack 
based on a surface emissivi ty  of 0.8 and a dis tance from 5 t o  10 feet (1.5 t o  3.0 m) 
aft. of t h e  leading edge. The surface temperature given are for reusable s t r u c t u r e s  , 
which reduces i t s  maximum usefu l  temperature i n  order t o  achieve longer service 
life. Except i n  t h e  case of aluminum and ti tanium, this l i m i t a t i o n  is  not a struc- 
turd l imi t a t ion ,  but r a t h e r  an estimate of t h e  l i f e  sf the emissivity and oxida- 
t i o n  r e s i s t a n t  coat ing as a fluflctiori of  temperature. For l imi t ed  l i fe  structures 
t h e  maximum useful temperature could be increased about 200°F ( l O O ° C ) .  
M be determined. These surface tenFeratures  are 
A second surface temperature l imi t a t ion  can be presented by t he  material 
system used on the upper s t r u c t u r e  of t h e  vehicle.  Tnese areas of t h e  a i r c r a f t  
on t h e  leewzrd side usual ly  experience lover heatinq rates than those on t h e  
:qindtrard side,  therefore  t h e  ,naterial system i s  not  always tile same. Increased 
surface teniperatures encountered at reduced o r  negative ar?-les of a t t ack  may 
r e s t r i c t  t h e  maneuvering capab i l i t y  i f  t h e  material system on t h e  upper surface 
t : s  se lec ted  assuming a higher angle of a t t ack  cpera.tion. 
Using a constant angle of a t t a c k  t o  represent  a temperature boundary i s  
proba;3ly inconsis tent  with t h e  operation of an a i rp lane ,  s ince  they general ly  
f l y  a t  a constant load fac tor .  The load factor can be expressed as: 
where : 
r 
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FIGURE 6-5 SURFACE TEMPERATURE LIMIT AS A 
FUNCTION OF ANGLESF-ATTACK, ALTITUDE, AND MACH NUMBER 
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FIGURE 6-5 SURFACE TWPERATURE LIMIT AS A FUNCTION OF 
ANGLE-OF-ATTACK, ALTITUDE, AND MACH NUMBER (CONTINUED) 
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FIGURE 6-5 SURFACE TEMPERATURE LIMIT AS A FUNCTION OF 
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FIGURE 6-5 SURFACE TEMPERATURE LIMIT AS A FUMCT!ON OF 
ANGLE-OF-ATTACK, ALTITUDE, AND MACH NUMBER (CONTINUED) 
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For English u n i t s  t h i s  can be expressed as:  
where W/S i s  i n  l b / f t 2 .  For N/m2 t h e  constant i s  70,900. 
load  f a c t o r  t o  Mach number, a l t i t u d e  and angle of a t tack .  
T h i s  equation relates t h e  
The re la t ionship  f o r  a constant load f a c t o r  as a function of Mach number, 
a l t i t u d e  and a t t i t u d e  can be solved simultaneously w i t h  t h e  r e l a t ionsh ip  f o r  
surface temperature as a function of Mach number, e l t i t u d e  and a t t i t u d e  t o  y i e l d  
t h e  areas where the a i r c r a f t  can function a t  both a constant load f ac to r  and 
a constant surface temperature. 
c r a f t ,  representat ive l i F t  c o e f f i c i e n t s  and ranges o f  wing loading axe given in  
Figures 6-6 and 6-7. These figures pe r t a in  t o  a vehicle  wi th  a 70 t o  80 degree 
swept wing, at  t h e  start of hypersonic c ru ise  f l i g h t .  
For t he  p o t e n t i a l  operatimal hypersonic air- 
For the  data presented i n  Figures 6-6 and 6-7, simultaneous so lu t ions  were 
performed, r e su l t i ng  i n  t h e  operat ional  envelopes presented i n  Figure 6-8, 
def in ing  the  f l i g h t  boundaries as a function of wing loading, load f a c t o r ,  
material l i m i t s ,  and angle of a t tack .  
mater ia l  temperature increases ,  t he  Mach nLmber range represented by the 6ifference 
between t h e  maximum and m i n i m u m  load f a c t o r  expands markedly, so t h a t  a small 
increase i n  wing loading or load f ac to r  could subs t an t i a l ly  reduce the  maximum 
operat ional  Mach number f o r  a high temperaturc material system. 
A general  observation i s  t h a t  as usable 
Several  f ac to r s  pe r t inen t  t o  t he  design of t he  ground f a c i l i t i e s  can 
be gleaned from t h i s  series of f igures .  The arigle af a t tack  range of i n t e r e s t  
f o r  gasdy,ianic and engine i n l e t  research indic=a%tci by the  f l i g h t  cor r idor  l i m i t s  
and the  surface t,omperat.Irt> maps fo r  c ru i se  and L:? t o  about 3.5 g maneuvers is from 
zero t o  about a 30 c)egrc; maximum. For s t r u c t u r a l  research the  maps ind ica te  
combinations of f l i e h t  paraaeterr, and a t t i t u d e  which y i e l d  a constant surface 
t -npe ra tu re  t o  provi le  ind ica t ions  of t h e  range of t e s t  conditions of i n t e r e s t  
i i i  an experimental program. 
5emperature l i m i t  i s  ind ica t ive  of th.  r e F h i c t i o n s  which prevant rap id  decrease 
i n  a! d e  by reducing t F r  angle of attack. The maps inc i ca t e  p o t e n t i a l  areas 
i n  t h e  .gh load f a c t o r  port ion of the  curves where operation is  possible  a t  
dynamic pressures  i n  excess of 2250 psf  (108,200 N/m2), where ne i the r  the  s t ructure .1  
strength o r  thermal. limits are exceeded. 
T'ne zero degree angle of  a t t ack  upper surface 
mooommu A m e m a w  
6-22 
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FIGURE 6-6 RANGE OF WING LOADING FOR POTENTIAL OPERATIONAL VEHICLES 
AT INITIAL CRUISE POINT, AFTER CLIMB AND ACCELERATION 
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The influence of normal load f ac to r s  on t h e  o p e r a t i m a l  Mach number 
increases s ign i f i can t ly  as the  snrface temperature i s  increased. For columbium, 
a l i g h t l y  loaded a i r c ra f i  w i t h  a wing loading of 19 psf (910 N/m2) anu a 2 
normal load f ac to r  l i m i t  can operate at Mach numbeis up t o  abolit. 16 during c ru ise  
without t oo  many r e s t r i c t i o n s  on i t s  maneuvering capabi l i ty .  
about 3 1/2  g ' s  and the maximum Mach number reduces t o  about 12.5. 
which has very l i t t l e  maneuvering capab i l i t y  can increase t h i s  maximii*n Mach 
number t o  about 20. 
can s ign i f i can t ly  influence the  renge of experiment.al conditions require?& t o  
simulate the l o c a l  enviroiunent for  research on a columbium struct1:res. 
t h e  material i tself  does l i t t l e  more than denote t h e  maximum surface texpc-rature. 
Vt I! 
g 
Increase t h i s  t o  
A Jehicle 
Thus, t h e  operat ional  s a fe ty ,  mission, and maneuverability 
Specifying 
This ana lys i s  per ta ins  t o  x i r x a f t  flyin, at moderate angles of a t t azk  
Had t h i s  ana lys i s  been (less than 30') and at moderately high dynamic pressure; .  
done f o r  vehicles f ly ing  at  high angles of a t t ack  (40 t o  60°) at lower Lynmic 
pressures t h e  res- t s  could have beeri rather di f fe ren t  I The individup.1 temperature 
maps given i n  F ~ ; L .  The over!.aE; of  various 
material system;.. de? ?din 
areas belov the  200~ psf 7 95,70C N / d )  dynamic pressure l i m i t  wher? ne i the r  t he  
mechanical or thermal l imi t a t ions  of t h e  s t ruc tu re  &-e exceedec. 
6-8 ere summExizcd i n  Figure 6=9. 
on load fector can be seen, as w e l l  as t h e  operational 
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FIGURE 6-7 LIFT CUWES FOR GEHERALIZEQ HYFAC OPERATIONAL VEHICLES 
700 to 800 Wing Sweep Planfom 
Q Arigle of Atback - Degrees 
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FIGURE 6-8 FLIGHT BOUNDARIES BASED OW W I G  LOADING, 
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FIGURE 6-8 FLIGHT BOUNDARIES BASED ON WlwG LOADIHG, 
LOAD FACTOR AND YATERIAL LIMNS (CONTINUED) 
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FIGURE 6-8 FLIGHT BOUNDARIES BASED ON YllPJG LOADING, 
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FIGURE 6-8 FLIGHT BOUNDARIES BASED Old WMG LOADING, 
LOAD FACTOR AND MATERIAL LlYlTS (CONTINUED) 
- T.D. NICKEL 21@F (1147%) 
6 8 10 12 14 16 
Mach Number 
REPORT MDC A0013 0 2 OCTOBER 1970 
VOLUMEII 0 PART 1 
FIGURE 6-8 FLIGHT BOUNDARIES BASED ON WING LOADING, 
LOAD FACTOR AND MATERIAL LIMITS (CONCLUDED) 
a 10 14 16 18 
Mach Number 
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L i f t  loading has been used i n  the  previous operational area maps t o  fa(:; !.iI,::.,;.: 
t h e i r  use i n  determining load fac tors  f c r  both longitudinal and l a t e r a l  n;ar.+:uvcrs. 
Using t h e  U. S. Standard Atmosphere, 1962 as reference, -;he followinr- e q u a t j  - ; ’ .  
was derived t o  r e f l e c t  gravi ta t ional  acceleration changes wi th  a l t i t ude  ar:oi 
velocity. 
30.9770 Vm2 
20,902.7 + Z , z=o 1-.00008988 Z - 
where : 
W - = wing loading, weight p e r  un i t  area. 
z = Geometric alti+,ude, ki lofeet .  
VCO = vehicle veloci ty ,  ki lofeet  per second. 
m e a n  Radius of t h e  ear th  20,902.7 k i lofee t  (6370 km) 
Thls equation is  evaluated i n  Figure 6-10, indicating a Mach 12 a i r c r a f t  nas 
over 32% reduction i n  weight due t o  speed and a l t i tude .  This  reduction i n  wei,r;ht 
alters the constant temperature/load fac tor  map because the  a i r c r s f t  angle of 
attack can be reduced as centr i fugal  acceleration reduces g r rv i t a t iona l  accelera- 
t i o n ,  as shown i n  Figure 6-11. 
corres2onds t o  tha: required for  the  sea l eve l  r e s t  weight, not t ha t  required 
for equilibrium f l iph t  a t  loca l  apparent weight. 
To ease the  estimation of load fac tor  t he  lift 
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FIGURE 6-10 REDUCTION OF LOCAL GRAVIT"Tl0NAL ACCELERATION 
DUE TO ALTITUDE AND VELOCITY 
" 0  2 4 6 
For details of flight path, refer to Figure 6-4. 
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FIGURE 6-11 COMPARISON OF FLIGHT ENVELOPE FOR T 
WITH AND WITHOUT GRAVITATIONAL EFFECTS 
60 
so 
40 
30 5 
20 
10 
2 0  
Flight Soundaries, Longitudinal Maneuver, d a Oo 
Wing Loading with Altitude and Centrifugal Effects Included 
I 
N 
Flight Boundaries, Lateral Maneuver 70° 90° 
Altitude and Cerltrifugal Effects not Included 
.D. NICKEL 
60 
50 
40 
30 5 
20 
10 
i 
i 0 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUMED PART 1 
6.4 GASDYNAMICS 
The r o l e  sssumed f o r  the gasdynamics research f a c i l i t i e s  i s  primarily one of 
Reynolds amber-Mach number simulation, as r e l a t ed  t o  t h e  scal ihg of viscous aero- 
dynamic phencjmenn. The s t a t i c  pressure, temperature, and gas veloci ty  i n  t h e  t e p t  
section do not correspond t o  equivalent f l i g h t  conditions a t  the same Mach number 
and Reynolds numbers as only suf f ic ien t  temperature is  provided t o  avoid gas con- 
densation i n  t h e  test section. This  temperature i s  normally su f f i c i en t  for cold 
w a l l  heat t ransfer  measurements, but not su f f i c i en t  t o  a t ta in  f l i g h t  w a l l  tempera- 
tures. 
except i n  .+rind tunnels spec i f ica l ly  designed as full sca le  tunnels,  such as t h e  Ames 
40 x 80 or t h e  Langley 30 x 60. 
achieve the same Reynolds number i n  the tunnel as f l i g h t ,  the  uni t  Re,ynolds number 
must be increased correspondingly as t h e  model size is decreased. 
pressures encountered i n  t h e  wind tunnel can therefore  exceed those encountered i n  
f l i g h t .  Reynolds number i s  important i n  scaling boundary layer  t r a n s i t i o n  Cata 
and model surface f i n i s h  requirements, dynamic pressure 3.s important i n  the scaling 
o f  dyr,amically similar s t rur  cural and aeroelast  i c  models. The development of  t h e  
wind tunnel Eizing c r i t e r i a  w i l l  show that the f i n a l  w b . 3  tunnel size is  e s sen t i a l ly  
a function of two factors :  
For t he  gasdynamic f a c i l i t i e s  ac tua l  f l i g h t  hardware i s  generally not used, 
The use of  sub-scale models implies that  t o  
The iynamic 
(a) the maximum dynamic pressure il. model/balance combination w i l l  sustain 
( b )  t h e  magnitude of the Reynolds number necessary t o  achieve the progrm 
goals. 
6.4.1 CRITERIA - To specify th.2 gasdynamic f a c i l i t i e s  required t o  simulate t h e  
f l i g h t  conditiois of t h e  po ten t ia l  operational a i r c r a f t ,  it is  necessary t o  de- 
termine the  magnitude of parameters t o  be simulated, permissible model s izes  t h a t  
may be tes ted  and, f i n a l l y ,  t h e  required tunnel sizes t h a t  w i l l  y i e ld  the  desired 
leve l  of simulation. 
The first s t ep  i s  t o  estimate t h e  permissible :.-,:f D f  model s i z e  r e l a t ive  50 
The first approach i s  based on t h e  technique presented i n  t h e  
the  -Lest section sLze, and two approaches were used t b  ;:*ovide 5 cr i 'er ion on r;Pich 
t o  base model s ize .  
30th Wright Brothers lec ture  by P. H. Poisson-Quinton as reported i n  the AIAA 
Journal of Aircraf t ,  Volume V ,  No. 3 ,  1968. 
!I%- second approach was t o  estimate the permissible model s i ze  based on model 
blockage using ASD-TDR-63-230 , "Correlation of Wind Tunnel Blockage Data", Feb. 1953. 
Tt?e data w a s  presenteC i n  terms of t h e  projected model cress-sectional area norma. 
t o  the flow referenced t o  t h e  poten t ia l  core flow area and as a function of t o t a l  
drag coefficient and Mach number. 
On t h e  basis of these two approaches t h e  following f i v e  c r i t e r i a  were estab- 
l ished: 
( a )  The m a x i m u m  model angle of a t tack is  30'. 
(b) 
( c )  
me ProJected model htieht should not exceed 1/2 t h e  tunnel  height. 
The model wing area must be less than a specif ied percentage of t h e  
tunnel test  sect ion cross-sectional area, t o  rsaintain subsonic wall 
correction magnitude. 
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(6) The nodel wine s p a n  s:mUld not exceed a specific p r c e n t a g e  of t h e  test 
sec t ion  width. 
( e )  The nodel area prodecced normal t o  t h e  tunnel cen te r l '  ;fie m l l s t  IC..- 
than a ce r t a in  percentage of  t h e  p o t e n t i a l  core  area. 
Criter ion (b) is  derived primarily f r o m  empir ical  datz and is  used as  ai^ 
o:der of magnitude estimate of nodel size i n  hypersonic and high temperature wind 
tunnels where tne  bcundary layer can be very thick.  
Cr i te r ion  ( c ;  is 2 subsonic s i z h g  cr i ter ia  selected t o  keep t h e  w a l l  b o m -  
d-iry corrections t o  acceptable leve ls .  Both downwash and l i f t  correct ions 3re cox- 
si dered. 
Cri te r ion  (a>  is a subsonic s i z i n g  c r i t e r i a  selected t o  micimize w a l l  boun- 
3 ~ r y  Ir."luences OD t he  c i r cu la t ion  system around t h e  wing t o  provide a uniform 
s m n w i s e  upwash c - r r e c t i o n  for t h e  wing. 
Cr i t e r i cn  (e) Is % s e d  on Lcpersonic wind tunnel  Slockage data presented in 
ter?ris of t h e  projected mode1 cross  sec t iona l  area normal t o  t h e  flow referenced t o  
the p o t e n t i d  f l o w  core  area. Mockage limits are presenteC i n  terms of t o t z l  
drw coef f ic ien t  and Xach nirmbcr. Using t h e  siirplane characteristics presented i n  
Volume V I ,  t h e  maximum sized mclel which could be accommodated as a funct.ion of 
b c h  number was estimated for highLy swept planforms. 
Ee-h of t h e s e  criteria can be used t o  def ine  a c h a r a c t e r f s t i c  mode; length 
referenced t o  t h e  square root of the  tunnel  test sectior, cross sec t iona l  area. 
b = wing span w = test sec t ion  w i d t n  
L, = a i r c r a f t  length h = test  scz t ion  height 
c = mean aerodynanic chord C = test sec t ion  area 
eY = ;ring Flmform area a = angle or' a t t ack  
- 
= aspe.1.t zatia A = sweep back angle 
b 
L ):I = - 
- b  K4 - - 
W 
Aa K5 - - w rectangula? test  sec- - - 
= r ' =  - 
K2 L 
titi> h 
= 4/n circu.,: ~ : . > i ,  >b-L---.- 
3 e n  the  model lecgtfi l i m i t s  for each c r i te r ia  are 
Kg c r i t e r i o n  (b) = 
for  a = 3oC 
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c r i t e r ion  ( c )  
c r i t e r i o n  (d)  
c r i t e r i o n  ( e )  
L AA/C - =  
s i n  a cos A 4 - r  
- AA 
C Blockage Data, February 1953. 
is obtained from As~-TDR-63-230, "Correlation of Wind Tunnel 
The evaluation of these five c r i t e r ion  is presented i n  Figure 6-12. 
erence the  value of L I E  designated by the Mach rhombus is shown f o r  l o w  supersonic 
Mach numbers assuming a model length equal t o  75% of t h e  rhombus length. 
charac te r i s t ic  length is indicat ive of where the reflected silo& can impinge on the 
m o d e l ,  adversely affect ing the  data. 
where porous w a l l  test sect ion configurations are necessary t o  mininize shock 
reflection through w a l l  suction. 
For ref- 
"his 
It is also indicat ive of t h e  Mach numbers 
ION-VEWPILATED WALLS VENTILATED WALLS 
Figure 6-12 i l l u s t r a t e s  t h a t  f o r  t he  two subsonic c r i t e r i a ,  wing area size 
dominates model se lec t ion  fo r  aspect r a t i o s  less than 5,  and model wing span 
dominates size considerations abcve 5 
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FIGURE 6-12 MODEL SIZING CRITERIA 
Supersonic Model Blockage Factors 
- -  .u* L 2  (TI  sinacos.? c \, c 
" 0  4 8 12 
Mach lumber 
General Model Blockage Factors 
lylodel blockage based on 
. W C  and drag coefficient, 
(Referace 6). 
Value used for facility 
evaluations. 
4 8 12 
Aspect Ratio 
Solid Wall Test Section 
Ventilated Test Section 
L sina = 0.5 h 
Circular c- 
-Square 
-Rectangular,- R 1 
W 
* h r  Righer llllaeh n u m b  C should be based on the nozzle geometric dimensions 
minus the sOu~&wy layer displacement thickness. 
I# 
0.8 
0.8, M 1.5 
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From low angle of attaek blockage consiierations,  model lengths exceeding 
twice the tes t  sec t icn  s i z e  are theoreticalI;r possible. In  pract ice  however, 
maintaining mi farm ?hch  number d is t r ibu t ions  mer distances greater than two 
t e s t  sect ion diameters i s  seldom achieved. 
sizr .  should probably be considered an upper l i m i t ,  
Model lengths of t w i c e  t h e  test sect ion 
The model cri”.e,.iorc se lec ted  t o  base the relative s i z e  of the  f a c i l i t y  with 
respect t o  the maael v*,s 
Although t h i s  c r i t e r ion  may appear mduly conservative, (not making use of the 
maximum capabi l i ty  A t  a l l  Mach number ranges), i n  Sectian 6.4.2 t he  I c d d  cost  
savings and additioml m o d e l  s i z i n g  flexibil i ty provided by this c r i t e r ion  i s  
demonstrated. 
In  wind tunnei t e s t i n g ,  the  parameters g e n e i d l y  simulated for f l a w  s imilar i ty  
are the Mach and Reynold number. Based on the a i r c r a f t  s i z e  defined i n  Volume V I ,  
and f l i g h t  corridor Cefined i n  Figure 6-4 for  the poten t ia l  operational hypersonic 
a i r c r a f t ,  a Reynolds number, Mach number corridor can be established, 8s presented 
i n  Figure 6-13. The Reynolds number is based on a maximum m e a n  aerodynamic chord 
of 150 feet (45.7 m) and a m:’simum mean  aerodynamic chord of 30 feet (9.12 m). 
figure defines the general Reynolds number envelope w h i c h  is necessary t o  be s i m -  
ulated i n  t h e  wind tunnel.. For reference, a representative t ra jec tory  f o r  the 
SpGce Transportation System (Shut t le )  is shown t o  indicate  t he  contrast  i n  t h e  Re:.-- 
nolds number requirements between a high angle of attack gl iding vehicle an< a 
continuous cruise  airbreathing a i r c r h f t  . 
“his 
Considering a representative flight path f o r  each of the categories of po ten t ia l  
operational a i r c r a f t ,  p lus  ex is t ing  subsonic t ransports  f o r  comparison, the f l ight  
pe%h parmeters c a ~  be defined for each category as: 
(a) SUBSONIC TRANSPOKC M = .8 at 10 kft (3.05 km) 
M = .9 at 20 t o  40 k f t  (6.1 t o  l2.2 km) 
(b) HYPERSONIC TRANSPORT M = .7 at l o  kf’t (3.0 h) 
N O I S E  LIMIT (8.2 km) 
M = .8 at 20 k f t  (6.1 km) 
M = .9 at 27 k f t  
M 51.0 at 30 k f t  (9.1 mcm) 
M =1.3 at 30 k f t  (9 .8 -1 
M ~1.8 at 40 kft SONIC BOOM (12.2 Erm) 
M =2.75 at 42 k%t 3 psf (12.8 h) 
q =2600 psf from 2.75 M 5 M  CRUISE 
(9.57 ff 104 N / S )  
M 07 CaL 10 k f t  (3.5 *m; 
M = 08 at 20 kft (6 , i  k d  
2 = 20 k f t  Tram . 8<M<l .7  
q = 2000 psf from 1.7 C M C M  CRUISE 
(9.57 x 104 wd) 
( a )  MILITARY VEHICI*ES 2 = SEA JAYEL from 6cM51.17 
q = 2000 gsf f om 1 1 7 4  C M  CRUISE 
(9.57 x lQE N/& 
( c )  LAUNCH VEHICLES 
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FIGURE 6-13 REYIIIOIDS NUMBER CORRIDOR POTENTIAL OPERATIONAL 
HYPERSONIC AIRCRAFT 
Reynolds Number Based an ban Aerodynamic Chord 
These f l i g h t  pa ths  r e p r e s e n t  m a x i m u m  p e r f o m 2 n c e  c 'cmditicnr :'or ?-.LIC:: ,-zt:-zm-: 
baaed :,, ' L I ~ C  L A a - - - . - - = : ~ + i ~ n  presen tdd  i n  F i n r e  6 - b .  %ie.;e T l i r h t .  p z t k  d e + . ~ r r i : : -  - ; : , I t  
,Se;rndds number as a f u n c t i o n  of Mach number nz shown jn Fi :nra> t : - l L .  T r :  i-.?*r.' ? ?  
m a x i m u m  u n i t  Reynolds nuinhers, t h e  m i l i t a r y  and launch systems p r e s e n t  the  mcst 
demanding requi rements .  
d e s c r i p t i o n s  of seven  d i f f , ? r e n t  aircraft, which are based  on t h e  n i n e  pctenti!-L1 
oFera t iona1  hype r son ic  aircraft p r e s e n t e d  i n  Volume VI. 
t h e  & s o l u t e  value of t h e  maximum f u l l  scale Peyncllds numbers f o r  thest. :;':vt':~ cx- 
amFles i s  shown i n  t h e  bottom graph i n  F i e r e  G-14. 
I n  t h e  c e n t e r  of F igu re  6-14, a tahlt? lists th.7 ~ h y s i c a l  
tJsintT these ch:r::ct.ei.l :-i i l:r., 
BER 1970 
.ITlES COMPARED TO REQUlREMEMn 
1 f 1 I I I I I 
NASAAmes40x80 
NASA Arne 12 f t Rasure 
CAL 8 tt Transonic 
kbed 4 f t Supersonic 
NASA Lewis 10 ft Unitary 
AEDC 16s PWT 
AEDC Tunnel A VKF 
CAL 48 in. HyparsonIc 
(24 in. (MI m) Worrle) 
AEDC Tuanel 8 VKF 
AEDC Tunnel C VKF 
AEM: Tunael F VKF 
(54 in. 0.37 m) Sta) 
MWR 4 x 4 Polysonfc 
WAlR 40 in. H y p e ~ r W  
NO1 Hypersqnic NO. 8 
a 6 7 8 9 10 11 12 
Mach lJumbsr 
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Except for  the smaller mi l i ta ry  a i r c r a f t ,  t h e  m a x i m u m  Reynolds number 
requirements f o r  t h e  d i f f e ren t  a i r c ra f t  systems i s  remarkably s i m i l a r .  Notice 
a l s o  t h a t  the  Reynolds number requirements for the  subsonic t ranspor t  c_'.ass 
of aircraft are e s sen t i a l ly  identical  t o  those of t he  hypersonic a i r c r a f t .  
Therefore, any f a c i l i t y  s ized t o  provide research f o r  t h e  nine p o t e n t i a l  operation- 
a l  hypersonic a i r c r a f t  can also accomplish a s ign i f i can t  port ion of aerodynamic 
research associated w i t h  large t ransonic  a i r c r a f t .  
Eased on t h e  r e s u l t s  of subscale tests on low aspect r a t i o ,  highly swept 
configurations at hypersonic speeds, i f  at least 20% of the  full sca l e  Reynolds 
number can be simulated then extrapolation of  drag da ta  t o  full sca l e  values 
using present skin f r i c t i o n  techniques could probably be achieved with a 
minimum of uncertainty. 
Reynolds number limit was adopted as t h e  basis for the  candidate gasdynamic 
f a c i l i t i e s  performance, thus providing a Reynolds number s i m l a t i o n  level greater 
than t h i s  minimum for all other  portions of t h e  f l i g h t  envelope. One reason f o r  
se lec t ing  the maximum dynamic pressure level, ins tead  of a level consis tant  with 
cruise  conditions, w a s  the  importance of t h e  higher dynamic pressure f l i g h t  path 
t o  the acceleration capabi l i ty  of l a rge ,  airbTeathing hypersonic a i r c r a f t .  
was judged t h a t  correct  aerodynamic i n  t h i s  f l i g h t  regime should be t h e  least 
compromised by data uncer ta in t ies  due t o  the quant i ty  of fuel used during 
accelerat ion,  and i ts  a f f e c t  on c ru ise  range. 
Using as a guideline,  a l / 5  of maximum f u l l  scale 
It 
In  analyzing the 1 /5  maximum Reynolds number simulation requirement, a gap 
is  ident i f ied  between th 's  Reynolds number requirement and tha t  which i s  avail- 
able i n  ex i s t ing  wind tunnels ,  as shown i n  Figure 6-15. 
capabi l i ty  of each of t h e  major aerodynamic test facil i t ies i n  the U.S .  i s  p lo t t ed  
against i t s  Mach number range. Reynolds number i s  based on the square root of 
the  tes t  sect ion cross  sec t iona l  area, which has been shown t o  be proportional t o  
the  length of the  m a x i m u m  permissible model t h a t  t h e  fetcility w i l l  accommodate. 
The Reynolds number 
Throughout t h e  e n t i r e  Mach number range there is a considerable d e f i c i t  
between the m a x i m u m  Reynolds numer  des i red  and the  maximum Reynolds number avail- 
able. 
facilities, Reynolds numbers are insu f f i c i en t  desp i te  t h e  l a rge  model sizes which 
can be used, because al l  of these  facil i t ies operate with atmospheric or subatmos- 
pheric stagnation pressures,  required t o  conserve on i n s t a l l e d  horsepower or tunnel  
s h e l l  construction costs. Also l imi t ing  t h e  Reynolds number capabi l i ty  of e x i s t i n g  
f a c i l i t i e s  i s  the f a c t  t h a t  s eve ra l  large tunnels are designed as propulsion wind 
tunnels and thus produce flight duplicated pressures and temperatures throughout 
the i r  operating ranges rather than conditions t o  maximize model Reynolds number. 
This is  t r u e  regardless of t h e  f a c i l i t y  type. For the la rge ,  continuous 
The smaller blowdown t o  atmosphere wind tunnels  are capable of very high 
un i t  Reynolds nmbers by v i r t u e  of t h e  high stagnation pressures used. 
down cycle permits very low power consumption and i s  menable t o  t h e  :ype of 
aerodynamic t e s t i n g  normally done by industry,  which is  primarily configuration 
development. This type of t e s t i n g  requires  many runs at a f e w  se lec ted  Mach 
numbers but multitudes of configuration changes. 
drag, s t a b i l i t y ,  o r  lift differences between competing configuration d e t a i l s .  
Since many model p a r t s  must be manufactured f o r  such s tud ie s ,  economical operation 
d i c t a t e s  t h e  use of s m d l  models. These two f a c t o r s ,  i n  combination with t h e  fact  
t h a t  the airplanes being tested have been much smaller than t h e  HYF'AC operat ional  
The blow- 
Much of t h e  da ta  required is  
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vehicles ,  l ed  t o  t h e  design of f a c i l i t i e s  smaller t h a n  required f o r  t h i s  study. 
These blowdow f a c i l i t i e s  do ogerate a t  s tagnat ion pressures around 300-500 ps i a  
(207-345 N/cm ) and thus provide t h e  highest  Reynolds number capab i l i t y  available 
i n  t h e  Mach 2 t o  5 range. 
9 
A t  t h e  high end of  t h e  Mach number scale, t h e  most capabile f a c i l i t i e s  w i t h  
respect t o  Reynolds nmber  are imgulse types.  These tyFes are used primarily be- 
cause o f  power considerations.  For example, t h e  MCAIR Hypervelocity Impulse 
Tunnel,  a modestly s ized  (40" dia(100 em)) f a c i l i t y ,  has a ra te  of energy relezse 
i n t o  t h e  tes t  gas of  6,000 megawatts, which i s  2% of t h e  e n t i r e  U.S. i n s t a l l e d  
generation capr:i ty.  
a capaci tor  btmk over a r e l a t i v e l y  long t i m e  at a low power del ivery,  and releacing 
i n  t h e  hypersonic range are probably not ecocomically feasible on power considera- 
t i o n  alone. 
t i o n  o f  f a c i l i t y  and model have a l s o  prohibi ted the  development of very la rge ,  high 
power continous, hypersonic f a c i l i t i e s .  The impulse f a c i l i t i e s  which do e x i s t  are 
smaller than required f o r  t h e  HYFAC study because up u n t i l  now, most hypersonic 
t e s t i n g  has been of t h e  pure research va r i e ty ,  with l i t t l e  emphasis on sophis t i -  
cated refinement of configurations. 
shown, though perhaps t h e  l a r g e s t  examples of  a given type,  are s t i l l  being deve- 
loped and ref ined.  
The high power i s  obtained by s t o r i n g  e l e c t r i c a l  energy i n  
Continuous f a c i l i t i ? s  of any use fu l  s i z e  
Materials problems and extensive water cooling required f o r  protec- 
t h i s  energy i n  about one millisecond. 
I n  the  hypersonic range, a l l  of t he  f a c i l i t i e s  
I t  i s  important t o  note t h a t  t he  major e x i s t i n g  wind tunnel  tes t  f a c i l i t i e s  
i n  t h e  U.S. represent an investment of 1 t o  2 b i l l i m  ~lollars and are very capable 
of performing t h e  majority of aerodynamic tests on vehicles  which have been b u i l t  
o r  proposed. The reason f o r  needing any improvement i n  Reynolds number t es t  
capabi l i ty  is keyed only t o  t h e  l a r g e  s i z e  of t h e  operat ional  vehicles  arid t o  t h e  
m i n i m u m  a l t i tude f l i g h t  p r o f i l e ,  which i s  general ly  lower at  any given Mach itumber 
than t h e  f l i g h t  p r o f i l e s  of e x i s t i n g  a i r c r a f t .  Relaxing e i t h e r  of these  require- 
ments would narrow t h e  gap i n  Reynolds number capabi l i ty ,  and would resul t  i n  
changed requirements for new fac i3 : t ies ,  as i s  fu r the r  discussed i n  t h e  Analysis 
Section 6.4.2. 
Figure 6-16 is presented t o  give some perspect ive t o  t h e  degree of  maximum 
Reynolds number simulation required f o r  gasdynamic research on t h e  HYFAC p o t e n t i a l  
operational aircraft .  
majw w i l d  tmnels and t h e  t o p  l i n e  represents  a composite of t h e  ac tua l  maximum 
Reynolds numbers attained by t h e  HYFAC operat ional  a i r c ra f t  as a groun. 
1/2,  1 /5 ,  1/10, and 1/20 of t h e  maximum all sca le  values are shown for comparison. 
The shaded area represents  t h e  ccmposi-t,e capabi l i ty  of a l l  
Lines of  
Exis t ing capacity ranges from 1/20 t o  1/10 of  t h e  maximum f u l l  f l i g h t  values.  
The c r i t e r i a  on which t h e  f a c i l i t y  design spec i f i ca t ions  were formulated considered 
t h a t  attainment of 1 / 5  of t h e  maximum f l i g h t  Reynolds numbers i s  necessary t o  permit 
successful  extrapolat jon of ground tes t  data t o  f l i g h t  conditions for very l a rge ,  
a i rbrea th ing  hypersonic a i r c r a f t .  A new f a c i l i t y  or f a c i l i t i e s  conshwcted t o  
a t ta in  t h i s  l e v e l  would of course be ab le  t o  produce near ly  f u l l  dupl icat ion o f  
f l i g h t  Renolds number f o r  vehicles  f l y i n g  t h e i r  upper U t i t u d e  boundary or f o r  
smaller a i r c r a f t .  
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FIGURE 6-16 DEGREE OF REYNOLDS NUMBER SIMULATION FOR OPERATIONAL 
HYPERSONIC AIRCRAFT COMPARED T O  EXISTING GAS DYNAMIC FACIL ITY CAPABILITY 
Selection of the l / S  f u l l  scale  Remolds nwher l i n e  f o r  new f a c i l i t y  speci- 
f ica t ions  represents about a factor  of two increase over ex is t ing  capr.bility 
and appears t o  be a reasonable design goal. 
The prev’qus discussion has presented arguments es tabl ishing the  Reynolds number 
capabi l i ty  rt:;dired, and t h e  r e l a t i v e  size of t h e  model wi th  respect t o  t h e  t e s t  sec- 
t ion.  It remains t o  define a ra t iona le  which can describe t h e  model s i z e  possible i n  
terns of the maximum Reynolds number that  can be achieved dependent on the  s t rength  
of the  model/balance combination. 
s ider ing the s t rength of t h e  model and ba lmce  combination r e l a t i v e  t o  the dynamic 
presswe encountered i n  the  tes t  section. 
model s i z e  t o  achieve a given Reynolds number, three fac tors  are considered. 
This ra t iona le  can generally be developed by con- 
For the  purposes of estimating the  minimum 
(a) Spanwise wing bending, 
(b)  Chordwise wing bending as encountered by low aspect ra t io  shapes, 
( c )  Balance strength i n  terms of normal force capabi l i ty .  
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For a generalized wing of a r b i t r a r y  sweep angle, aspect r a t i o ,  and thickri,:sr; 
r a t i o ,  depi Zted belov: 
i 
t 
?'he following equations can be u t i l i z e d  t o  develop t h e  root  choy4 bendinc stress 
as a function nf descr ip t ive  geometric parameters an!: the  d::nan!ic p re s su re .  
where : 
(1) Sw = b/2 F (1 + X )  
( 2 )  = C*/CR 
( 3 ,  AR = 2 b / c  (1 + A )  
3 ( 7 )  I = 800 CRt 
( E q u a t i c n  7 represents  an 
average sec t ion  iner t ia  f o r  
an a i r f o i l  shape) 
AR = aspect r a t i o  
b = wing span (ir:. ! 
CL = l i f t  coef fLcien t  
c,, - root chord ( f t .  ) 
I\ 
CT = t i p  chord (:'? . ) 
R = dis tance  fronl root  t o  CG (ft. ! 
t = wi.na thickness  ( i n . )  
X = t aper  ri2Lio CI /i: T It 
u = root  bending stress ( p s i )  
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Equations (11, ( 3 ) ,  ( 4 ) ,  (71, and (8)  can be subst i tuted i n t o  equat-ion (6)  
t o  y i e l d  t h e  folloving equations f o r  m a x i m u m  permissible dynamic pressure. 
L 
Q o D =  
i l  + 2x1 (1 + 
The: abc*;e equation assumes that 80 percent of the w i n g  cross-section is  ef fec t ive  
i n  carrying thz load. T h i s  assumption m a k e s  allowances for removable leading eCge 
slats, and t r a i l i n g  edge flaps. 
<vnamic Fressure i s  completely determined by nondimensicial parameters and i s  
independent of model s ize .  
for  variaus w i r i  taper ra t ios .  
strength can be aeveloped using the following diagmmm: 
An in te res t ing  observation i s  that the  max imum 
A plot  of the  above equation is given i n  Figure 6-17a 
A s i m i l a r  development for the  chordwise bending 
N.F. 
Balanoe cavity 
@75h Die) 
For higk?v swept bodies whjch are subjected t o  s ign i f icant  chordwise bending 
stresses, t:-e permissible dynamic pressure is : 
A plot  of t h i s  equ&iou, wbich includes the reduction i n  chordwise bending s t rength 
due t o  the presence of a .75h cavi ty  for the balance, is presented in Figure 6-17b. 
The balance used t o  measure forces and moments i n  the wind tunnel must have 
a load carrying capacity consistent w i t h  t h e  model s i z e  and dynamic pressure. 
Assuming the  balance ca2acity is a function of balance diameter squared and the 
balance aiameter is 0.7 of the model height,  then the dynamic pressure l i m i t  t h e  
balance can vithstm-d, ir, terms of noma1 force capabi l i ty ,  can be expressed as: 
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FIGURE 6-17a MAXIMUM DYNAMIC PRESSURE LIMITS 
BASED OM MODEL STRENGTH AND BALANCE CAPACITY LIMITATIONS 
(Wing Bending Strength in Spanwise Direction) 
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FIGURE 6-17b MAXIMUM DYNAMIC PRESSURE LIMITS 
BASED ON MODEL STRENGTH AND BALANCE CAPAC tTY LIMITATIONS 
(Wing Bending Strength, Chordwise Direction) 
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FIGURE 6-17~ MAXIMUM DYNAMIC PRESSURE LIMITS 
BASED ON MODEL STRENGTH AND BALANCE CAPACITY LIMITATIONS 
(Balance blormal Force Capacity) 
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P: .-a i.,-here = cnr..31 fQJULCiUa P l t Y  
d2 
d = Balance d i m e t e r  ( in . )  
h = vehicle  height ( i n .  
p = fr?estrearz ernanic pressure (psf) 
CL = l i f t  coe f f i c i en t  
A? = nodel aspect ratio. 
Tiis equation i s  p lo t t ed  i n  Figure 6-17c. 
I n  order t o  evaluate  these  equations,  working values of codel stress Ie-:-;Is 
:id 5alance load carrying c a r a b i l i t y  are required. Eodel xorkinc: s t r e s s  Ic-.-c: 3 arc 
values determined from a review of published wind tunnel design requirements s 
tJell as from MCAIR wind tunnel  d e s i m  procedures. 
i t y  i s  taken from Figure 6-18 which represents  t h e  current  bslame ca2aeities taken 
from published da ta  from iJASk, AEDC, and cur ren t  M c D m n e l l  A i r c ra f t  ComJany 
oalances. "he project ions of future balance capacity w e r e  obtained from the  Tvsk 
CorForation, An&eim, California, and are based on a new series of nign strer-;%h 
steel balances. The d a t a  presented i n  Figure 6-18 represent t h e  higher s t rength  
balances. 
The balance load carr::ini: cay:asil- 
Many balances avai lable  have less capabi l i ty .  
r .  . .  
,ne working stress lcivels f o r  wind tunnel  codels xli b-i.la::.-'e lcxi cxy.i :- . :  
c a3aLi l i t i e s  are summarized i n  t h e  following t a b l e :  
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FIGURE 6-18 BALANCE HORMAL FORCE CAPACITY VS DIAMETER 
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The dynamic pressure limits based on material strength and balance load 
carrying capability are a l l  functions of non-dimensional geometric parmeters , 
and do not define the model size. 
maximum Reynolds number required as related t o  dynamic pressure, model s ize ,  
and Mach number. 
This is accomplished by introducing the 
Relating tunnel size t o  the Reynolds nmber t o  be simulated and maximum 
dynamic pressure the model w i l l  su s t a in ,  the expression f o r  the minimum size 
tunnel i n  which the desired level. of simulation may be achieved without f a i l i n g  
Lhe m o d e l  is,  
- -  
a -  
w i n g  the following expression for Reynolds numbzr, 
where, qm CL is determbert fra Figures 6-l7a, b, and e .  
the smallest sized f ac i l i t y  which w i n  achieve the desired Reynolds numbers 
without failing either the balance or the d e l .  
sircraft employed i n  Figure 6-17, the limiting values of qm CL are presented i n  
Figure 6-19. 
are limited by the balance strength more of'ten than by m o d e l  strength. 
cates an -ea where fhrther research could decrease t h e  s ize  of the wind tunnel 
required t c  achieve a given Reynolds nurnber. 
the unit Reynolds number is correspondingly increased, therefore some care is 
necessary because of unit Reynolds number effects on the boundary layer transit ion 
Reynolds number, and because of the  surface finish necessary t o  simulate fill scale 
surface finishes w i t h  very thiri model boundary layers. %ere is however, probably 
some lower practical  l i m i t  t o  Just hou much t h e  tunnel s ize  can be decreased, and 
uni t  Reynolds nunibem increased u n t i l  consideraticms other than model and balance 
strength become important . 
This  s ize  thea represents 
For the  several representative 
As indicated by the shaded ares, the achievable dynamic pressures 
This indi- 
Of course as m o d e l  s ize  is decreased, 
Using the Mach and Reynolds nuuiber requirements for l / 5  maximum f u l l  scale 
Remolds number simulation developed i n  Figure 6-15 and qm CL based on a future 
material working stress level  of 125,000 psi  (86,000 N/cm2) the preceding equation 
is  plotted and presented in Figure 6-20. 
t o  achieve l / 5  fu l l  scale Reynolds number sirnulatian for various fuselage cross 
sectional shapes. 
Uf'ting body ernd a low b/h wauld correspond t o  the  fuselage shape of a subsonic 
trans2ox-b. 
This figure gives the tunnel s ize  required 
A high value 02 b/h w o u l i i  correspond t o  a slender highly swept 
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I -  
Aircraft 
. FIGURE 6-19 M.WlMUM DYNAMIC PRESSURE LIMITS 
(SUHMARY) 
BASED ON MODEL STRENGTH AND BALANCE CAPACITY LlMlTATl ONS 
F-48 
~ 
DC 10 
DC 8 
DC 9 
Elliptical 
. All  Bady 
Al l  M y  
Shaded values i icab minimum values of dynamic pressure values. 
Walues far Wcm T in parentheses. 
6.4.2 ANALYSIS - The existing gasdynamic research capability within t h e  United 
States is capable of providing a very meaningFul contribution +,o any aircraft 
system i n  development now or  i n  the fixture, for example the development of the B-70, 
C5A, D C l O ,  L-1011, 747, and that  of t he  SST now in  progress. Any cmdidate f a c i l i t y  
must genuinely satisfy goals which are unattainable i n  existing f ac i l i t i e s  t o  
warrant further consideration i n  t h i s  study. 
t o  point out the dominating role the  potential operaticmal a i rc raf t  have In  arriving 
at tha t  decision. 
The followirp; discussion i s  intended 
The composite existing wind t-mnel capability from Figure 6-15 is  compared t o  
Only  those f a c i l i t i e s  some of the  candidate gasdyrmeunic facilities i n  Figure 6-21. 
remaining after the i n i t i a l  f ac i l i t y  screening process (section 7) are shown. 
represents a Ludwieg tube tunnel concept t o  provide f l ight  duplicated Reynolds 
nwnbers at near-sonic cond i t i a s ,  and is  primarily related t o  shoek/bounda.ry Layer 
interaction scaling i n  that  flight regime. Depending an the thrust  minus drag 
vdues for large hypersonic a i rc raf t ,  t h i s  f ac i l i t y  could be an essential t o o l  
for providing CM:mrate transarmic acceleration predictions. 
GI) 4 
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FIGURE 6-20 GASDY NAMlC FACILITY SIZE REQUIREMENTS 
Wind Tunnel Size 1/5 Full Scale Reynolds Number 
Future Materials, 125,000 psi (86,000 Nicm2) Working Stress 
Balances, 1850 Ib (1270 N/cm2) Capacity Per Inch Diameter Squared 
Mach Number 
The comparison w i t h  maximum Reynolds number capabi l i ty  somewhat r e s t r i c t s  the 
overa l l  view of t h e  t o t a l  f a c i l i t y  capabi l i ty .  
maximum Reynolds nurober for a very large aircraft flying at  m a x i m  dynamic pressure 
can do much better than maximum for vehicles shorter i n  length. 
breathing a i r c r a f t  f l i g h t  paths require  a s igni f icant ly  higher l eve l  of Fieyxolds 
number simulation than do high angle of a t tack ,  gl iding entry vehicles,  and evalua- 
t i02  af these differences indicate  t h e  dominance of vehicle class on the judgements 
made concerning Reynolds number requirements . 
A f a c i l i t y  t ha t  can achieve 1/5 t h e  
Also the air- 
Figure 6-22 compares t h e  Reynolds number corridor from Figure 6-13 for air- 
breathing airplanes wi th  those of the proposed Space Transportation System (Space 
Shut t le )  gl iding entry vehicle for the same length vehicle,  310 feet (95 meters). 
The contrasting Judgements which could be made concerning t h e  adequacy of ex i s t ing  
f a c i l i t i e s  are c lear ly  indicated. 
Examiriing t h e  KYFAC corr idor ,  it is seen t h a t  t h e  ex is t ing  f z c i l i t i e s  are l i m i -  
t ed  i n  providing f'ull scale  simulation of the  f l i g h t  corridor Reynolds numbers for 
the  proposed operational a i r c ra f t .  By contrast ,  it is seen from the  space s h u t t l e  
t r a j ec to ry  t h a t  the  demands for simulation are  m e t  generally by the  ex i s t ing  f ac i l -  
i t ies ,  except for a small portion along t k ?  ex i t  t ra jectory.  
Reviewing the  a i r c r a f t  cha rac t e r i s t i c s  presented i n  Volume V I  5 three representa- 
t i v e  lengths were selected as cha rac t e r i s t i c  of the nine po ten t i a l  operatiormi hyper- 
sonic aircraft .  
and 99 fea t  (95 m, 58 m, and 27 m?.  
These cha rac t e r i s t i c  lengths were judged t o  be 310 feet , 190 feet, 
M6OQNNHU AlRQIPAPl 
6-5 5 
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2000 psf  (95,700 N/ni2) 1/15 1 I 5  
200 psf (9,570 N/& 1 >1 
HYPERSONIC CRUISE 1 /5 3 14 
TRANSONIC/SUPEIISC)NIC 1/25 1 I5 
Fimres 6-23, 24 and 25 represe.it a ccmparisorL between t h e  3e;mclds nu-b-).r 
sinnlllation capabi l i ty  of ex i s t ing  and study fac i l i t i es  for  t.iese t h r e e  a i r c r a f t  
sizes.  
(95,700 N/m2) was mstched t o  t h e  m a x i m u m  capab i l i t y  f o r  t he  H'SFAC s tudj .  
th ree  a i r e r a 2  s izes ,  some general observaticms can be made. 
study f a c i l i t i e s  can provide a ce r t a in  degree of Reynolds number simulation, based 
on m a x i m u m  dynamic pressure,  then e x i s t i n g  f a c i l i t i e s  can provide almost t he  same 
l e v e l  of simulation i n  the  hypersonic c ru ise  corr idor .  2 )  The most serious def i -  
ciencies e x i s t  i n  t h e  Mach number regions less than Mach number 7 ,  espec ia l ly  the  
subsonic t o  supersonic regime. 
or' RP;;nolds number simulation f o r  t h e  lower end of  t he  dynamic pressure f l i c h t  
regime (200 ps..', 9570 
the  ex i s t ing ,  and study f a c i l i t i e s  are capable o f ,  fo r  d i f f e r t n t  t r a j e c t o r y  con- 
d i t i ons ,  are summarized i n  t h e  following. 
?'or these comparisons t h e  maximum dynamic pressure f1ir:ht path,  2000 psf 
1) If t h e  IIYFAC 
For a l l  
3 )  Exist ing f a c i l i t i e s  provide acceptable l e v e l s  
The Reynolds number simulation l e v e l s  which N / m 2 ) .  
1/8 1/3 115 1 
1 /3 1 1 >1 
>1 >i >1 >1 
115 1/14 1/8 1 
DEGREE OF FJLL SCALE REYNOLDS NUMBER SIMULAI'ION 
CONDITION 310 ft (95 m) I 190 ft (58 m )  I 90 ft  (27 m >  
e x i s t i n g  HYFAC e x i s t i n g  HYFAC 2xis t inq HYFAZ 
Summarizing, t h e  candidate f a c i l i t i e s  would be required t o  provide t h e  des i red  
simulation fo r  t h e  longer vehicles  whereas simulation obtained i n  t h e  e x i s t i n r  
f a c i l i t i e s  would s u f f i c e  for t h e  sho r t e r  vehicles .  
The three  f a c i l i t y  s izes  determined from Figure 6-20 t o  cover t h e  i k h  12 
f l i g h t  corr idor  imply t h a t  t h ree  sizes of models would be cccessary t o  accomplish 
the  research i n  t h i s  Mach number regime, based on a m a x i m u m  model length of:  
In  view of t h e  costs associated with t h e  desipping and bui lding of wind 
tunnel  models of t h e  size required for  t h e  candidate f a c i l i t i e s ,  12 f e e t  t o  
18 f e e t  long, (3.7 t o  5.5 m), it is  advantageous t o  create t h e  f l e x i b i l i t y  of 
a standard model t h a t  is ,  a s ing le  model which can be t e s t e d  throughout t h e  
Mach number range of t h e  proposed hypersonic aircraft. Although t h e  value of 
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FIGURE 6-21 PERFORMANCE OF CANDIDATE FACILITIES 
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FIGURE 6-23 COMPARISON OF REQUIREMEWTS WITH CAPABILITY, 
MAXIMUM LENGTH VEHICLE 
Reynolds Number Corridor Ewaluated for a 310 Foot m) Long Vehicle, 
and a 1/5 Maximum Full k a l e  Reynolds Number Simulation Level 
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FIGURE 6-24 COMPARISON OF REQUIREMENTS WITH CAPABILITY 
INTERMEDIATE LENGTH VEHICLE 
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FIGURE 6-25 
COMPARISON OF REQUIREMENTS AND CAPABILITY FOR A MINIMUM LENGTH VEHICLE 
Reynolds Number Corridor Evaluated for an 85 Foot (26 m) Long Vehicle 
and a Maximum Full Scale Reynolds Number Duplication 
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L = .77 c u s e d  fo r  t h e  candidate f a c i l i t y  evaluation m a y  have seemed too  
conservative, it can provide m o d e l  s i z i n g  f l e x i b i l i t y  which can be used t o  
advantage . 
Figure 6-26 presents  a comparison of  the ex i s t ing  facil i t ies '  operating range 
t o  that of  the  candidate gasdynamic facilities f o r  a model s ized  t o  each test  sec- 
t i o n  s i z e  based on the above c r i t e r i a  compared t o  that for one model s i z e ,  that 
f o r  GD 3, used i n  each facil i ty.  
can be accommodated i n  t he  smaller, higher Mach number facilities without v io l a t ing  
the model b l o c w e  guidelines.  
able, without imposing any l imi t a t ions  on the magnitude of the  maximum Reynolds 
number t h a t  can be a t t a ined ,  and i n  f a c t  increasing it by some 60% at Mach numbers 
above 8. 
Figure 6-27 i l l u s t r a t e s  that this l a r g e r  model 
Thus, the  a l t e r n a t i v e  of s ing le  models is avail- 
FIGURE 6-26a CONPARISON OF GAS DYNAMIC FACILITIES WITH 
WITH EXISTING FACILITIES 
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FIGURE 6-26b COI#PARlSOhl OF GAS DYNAMIC FACILITIES 
WITH EXISTING FACILITIES 
(Model Size as Required for 603, Utilized in GD15 and GD7) 
Reynolds Number B a s 4  on 1.3 Times the Mode! Lene 
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FIGURE 6-27 MODEL SIZING CRITERIA PROVIDE3 2PERATIONAL FLEXIBILITY 
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6.4.3 
and physical cha rac t e r i s t i c s  are presented fo r  those f a c i l i t i e s  which survived t h e  
i n i t i a l  screen;-ng processes (Section 7 )  , and represented both a s ign i f i can t  contr i -  
bution t o  the research required fo r  t he  po ten t i a l  hypersonic a i r c r a f t  and a s i g n i f i -  
cant increase i n  e x i s t i n g  f a c i l i t y  capabi l i ty .  
perspective i n t o  t h e  d ispos i t ion  of the  17 gasdynamic study facil i t ies and why only 
6 were car r ied  through f o r  f i n d  def in i t ion .  
disposi t ions is given i n  Figure 7-2. 
date f a c i l i t y ' s  required performance, s i z e ,  aud c o s t s ,  where estimated. 
FACILITY DESIGN CHARACTERISTICS - The description, performance statement, 
Figure 6-28 is provided t o  give a 
A more de ta i l ed  r a t iona le  for  these 
Figure 6-103 provides a synopsis of each candi- 
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GD2 H I G H  REYNOLDS NUMBER, CONTINUOUS, NEARSONIC WTND TUNNEL - 
Description: 
This facility, Figure 6-29, is a large,  high pressure, continuous wind tunnel, 
o m  Tn which the vorking fluid is continuously processed an? recycled t h r m g h  
the test section. 
testing Reynolds number capability, as represented by the NASA 12' Pressure 
Tunnel. It is not expected that modifications can be added to existing wind 
tunnels to provide this capability. 
The intent of the facility is to increase the subsonic 
Specifications: 
Mach Eange: .02 to 1.0 
Stagnation Pressure: 
Test Section: 17 x 24' (5.18 x 7.31 m) 
14.7 to 90 psia (10.1 to 62 N/cm2) 
Desigr, Points : 
6 A) M = .9; Re r = 3.3 x 10 ; PO = 52 psia (36.8 N/cm2) 
J C  
B) M = .7; R e 6  = 4.5 x lo8; Po = 90 psia (62 N/cm2) 
Power = 274,000 hp (assumed power factor = .15) 
(204,000 kW) 
Features : 
1. Test section isolation gates and pressure relief system for model 
changes without depressurization of entire circuit. 
2. Removable test section c?,rts for efficient test installation. Special 
building and trackage for carts. 
3. Low turbulence provided by large contraction in conjunction with screen3 
ana honey comb. 
4. Sunsiiade over entire circuit to minimize thermal gradients. 
5. A possible additional capability is a larger V/STOL test section 
ahead of the high speed test section. 
Major Systems: 
1. 
2. Circuit pumping system. 
Fan drive, speed control ( Z  274.000 hp ) (204,000 XW) 
P- = 90 p i a .  (62~/cmZ) Volume = 1.36 x 106 ft3 
Pumping time = 1 hour (3.84 x 104 m3) 
3. Cooling System: Heat exchanger, cooling tower, pumps. 
4. Model support sector. 
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Instrumentation: 
1. External Balance 
2. Internal Balance 
3. Pressure system (transducers , signal conditioning, reference and 
calibration system, 200 channels) 
4. Analog/digitd converter and recording system (300 channels) 
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FIGURE 6-29 GAS DYNAMIC FACILITY GD2, SCHEMATIC DRAWING AND PERFORMANCE 
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G D 3  HIGH RZYNOLDS NUMBER TRISONIC BLOWDOWN WIND TUNNEL 
Description: 
This f a c i l i t y ,  Figure 6-30, is a large, high ?ressure,  blowdown wind tunnel  
operating i n  t h e  range .51M<5.0. 
ated by several  companies bGt has a tes t  sec t ion  more than 5 times larger i n  
area than  t h e  largest such tunnel ,  t he  NAR 7 '  x 7 '  t r i s o n i c  wind tunnel.  A 
blowdown f a c i l i t y ,  one i n  which air  is  s tored  i n  a tank at h igh  pressure and 
allowed t o  exhaust t o  an evacuated receiver  or t h e  atmcxhere, w a s  chosen 
because of t h e  very subs t an t i a l  reduction i n  p r i ce  over a continuous ty r  , 
(see descr ipt ion of 0 1 7  which is  contincous version of GD3)  such as th. AEDC 
l6T and 16s t~u ine l s .  Some increase i n  Reynolds number capab i l i t y  of these 
tunnel?; might be possible  by increasing t h e  maximurn operating pressure and 
i n s t a l l e d  horsepower but this is  not considered p r a c t i c a l  t o  achieve l e v e l s  
appropriate with G33 as i n d i w t e d  by GDl? i n  Figure 6-1. 
It i s  similar t o  t r i s o n i c  type tunnels  oper- 
Spec i f  i c a t  ions : 
Test Section: 16' x 16' x 40' (4.87 x 4.87 x 12.2 m) 
Mach Rmge: .5 t o  5.0 
Po Range: 
To Range: 
Minimum Run Time = 20 sec.  
Pumpup Time = 30 min. 
17.3 t o  300 p s i a  (11.9 LU 207 N/cm2; 
100' t o  250'F (37.8 t o  1 2 1 O C )  
Design Points : 
A )  ?I = 1.67; Re&= 6.2 x 10'; Po = 140 p s i a  (97 U/cm2); To = lOO'F (37.8OC) 
w = 88,400 lbm/sec (idaximum G) 
(49,000 kg/sec) 
B) M = 5.0; ReG= 2.4 x 10 8. , k, = 294 psl (203 N / c m 2 ) ;  To = 150°F (65.5OC) 
= 9450 lbmlsec ( M a x L m m  Po) 
(4280 kg/sec) 
C )  M = 5.0 Re& = 1.79 x lo8; Po = 280 p s i a  (193 N / c m 2 ) ;  To = 250'F (121'C) 
6 = 8300 lbm/sec 
(3770 kg/sec 
( M a x i m u m  To) 
= 2.0 Re&= 9.47 x lo7; F, = 24 p s i a  (16.6 N / c m 2 ) ;  To = 100°F (37.8OC) D) 
E) M = .5 R e b ~ =  1.12 x lo8; PO - 35.6 psi8 (24.6 N/cm2);  To = 100'F (37.8OC) w = 11,450 lbm/sec (5200 kg/sec) 
6 = 21,950 lbm/sec (Xinimun: Mach) 
(9960 kg/sec) 
Features : 
1. 
2. 
Compressor plant and storage tanks. 
fit a t  axchmger rajld the& in tar&$ (for To 2 15Q°F ( 6 5 . 5 O c ) ) .  
Features: . :- .inLeci) 
3. Gas fired heater for l5O0h’ 2 T 250° (65.5 Te 5 121OC) 
0 -  
!Iieat aadition %wing pumpup). 
4.  Control volve, mtcmatically conkolled. 
5 .  Fledble  plate nozzle, jacks, control system. 
60 Perforated w a l l  transonic carts  (2) arith model supports. 
7 0  Solid w a l l  supersonic carts with model supports 
[Carts identical to .^EDc 16~, 16s BIT carts] .  
8, Bypass valves (2) with automatic control system. 
9.  Ve-iable t.hroEht diffuser with hy*aulic actuators and matcxmzic 
control system. Used also as subsonic choke. 
1Q. wbiiding for control rom, instrunrentation area, photo lab. 
11. Mdel assesib3.y building qnd trac-e for carts. ( A t  least 3 bws %or 
c8pts 0 ) 
Irrstrmeiltation: 
1. Internal balances 
2, Pressure syste3n (reference md calibration systen, transducers signal 
condi -toning, 200 channels ) 
4. ScUieren system. 
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FIGURE 6-30 GASDYWMIC FACILITY 603, SCHWTIC DRAWIAOG AM0 PERFORMAWCE 
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GDb LUDWIEG TUBE. HIGH REYNOLDS NUMBER TRISONIC WIND TW!EL 
Description: 
This f ac i l i t y  is an impulse type t r isonic  wind tunnel which nearly duplicates 
fl ight Reynolds numbers i n  the  range 0.5<M<3.0. -- It is a vnry large version of the  
YACA Huntsville prototype tube tunnel m d  represents a significant extension i n  
transonic testing state-of-the-art at relative?y low technological r isk,  but could 
present some hardware and operational development effort ,  
A diagram of t h e  tunnel is presented i n  Figure 6-31, The test section and 
The charge tube are isolated fraptl t h e  downstream dump tank by 8. control valve. 
portion of the tunnel upstream of t he  valve is then charged t o  some predetermined 
pressure w h i l e  t h e  dump tank is evacuated, 
flow is in i t ia ted  and an expansion wave propagates upstreasl in to  the high pressure 
gas, 
end of the  charge tube and travels back through the  test section. The run t i m e  is 
a f b c t i o n  cf the length of the charge tube, 
When the  valve is opened (about 10 msec) 
Usable run t i m e  is terminated when the expansion wave is reflected fromthe 
In t h i s  fac i l i ty ,  very high Reynolds numbers are obtained at the cost of rw1 
t i m e ,  whict w i l l  be about 1 sec, Th' 
time between shots, w i l l  l i m i t  the  --.? . Illness of t h i s  tunnel as a development tool,  
However, its use w i l l  permit the devei p e n t  of reliable methods of extrapolation 
of data to flight iqeynolds numbers, Thus, the major portions of vehicle develop- 
ment programs can Le  run i n  more productive tunnels, such 8s l6T, 16S, or CD3, with 
confident extrapolation of results t o  fl ight Reynolds numbers, based on data 
obtained on baseline configurations in GD4. There is very l i t t l e  chance of obtain- 
iug t h i s  test capability by the  modification of any existing fac i l i ty .  
.'actor, plus a relatively l o w  turnaround 
Specifications: 
[This tunnel is s5mUa.r to  the proposed ELKS f a c i l i t y  at AEDC whose estini&~ted 
sost  IS $14-18 ~ U i o a . ]  
Test Section: 9' x 12' (2.74 x 3.68 m) 
Mach Range: .5 t o  3.0 
Po : 100 to 200 psia (69 to  345 N / d )  
To m: 100°F (37.8%) 
Run Time: 0-8 t o  1.5 sec 
Tiale *mea shots: 2 hours 
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Features : 
1. Expansion tube, 15' dia. x 1120' long (4.57 m dia. x 342 m long) 
pmax = 750 psia (517 N / d )  
2. Nozzle type undecided 
3. Porous wall transonic test section, and alternate sol id  wall supersonic 
test szction 
4. Tube charging compressor system, t,,., = 2 h r  (ma) 
5. Model support, fixed a 
6. Bon-destructible s tar t ing valve and subsonic choking flaps 
7. D i f f u s e r  and muffler - atmospheric exhaust. Alternate possibility 
is  exhaust t o  a sealed dump tank 
8. Building for control roam, office area, i n s t r ~ n t a t i o n / c ~ i b r a t i o n  
area, t e s t  set-up area, photo lab 
Ins tmunent at ion : 
1. i n t a m a l  balances 
2. Pressure system (reference and cdibrat ion system, transducers, 
signal conditioning - 200 channels) 
3. High s p e d  loop tape recorder - 500 channels 
4. Schlieren systen! 
FIGURE 6-31 (;ASDYWAHIIC FACILITY GDQ, SCHEMATIC DRAUUG AND PERFORWWCE 
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GP7 HIGH REYNOLDS NUMBER GAS PISTON DRIVEN HYPERSONIC GIIPTD TUIJNEL 
DescTipticn: 
This i s  a f a c i l i t y  operating in  t h e  range 8<M<13, -- based on the Naval Ordnance 
Laboratory (NOL) gas piston dr iver  concept. 
lated in to  operational hardware by D r .  VicLor Zaibkay of New York University, 
and fur ther  refined by NOL. 
6-32. 
by a series of diaphrams. The dr iver  gas vessel is  i so la ted  from t h e  stagria- 
t i on  chamber by a control valve. 
some pressure l eve l  grea te r  than the '  desired stagnation pressure (Pch>P,). 
stagnation chamber is  charged with gas t o  some pressure below Po. 
wo:-king gas i n  t h e  stagnation chamber is being heated t o  Po and To, the t u s x i  
Ciownstream of the  diaphram is evacuated. 
-he  control valve opened. 
dr iver  gas flows i n t o  the  stagnation chamber at  a rate such t h a t  2 2mstant  Po 
is  maintained. 
section. This dr iver  has t h e  advantage of providing r e l a t ive ly  loA,g run times 
m the  order of 1 t o  4 sec. The f a c i l i t y  does nc t  requirc r a t e r  cooling, t h u s  
swing; cost and complexity. Provision of 8 high pi tch rate model support system 
can great ly  increase t h e  f a c i l i t y  productivity although t h i s  is not currently 
included. 
This concept w a s  i n i t i a l l y  t r s n r - -  
A diagram of the  tunnel is presented i n  Figure 
The test sectiw and nozzle are i so la ted  f r D m  t h e  stagnation chamber 
The dr iver  gas vessel  is charged with gas t o  
The 
While t h e  
The diaphram is t h e n  ruptured an. 
The working gas expands down the nozzle and t h e  
Run t i m e  is essent ia l ly  limited by t h e  length of t he  heated 
Specifications: 
Tes t  Section: 10' dia. (3.05 m) contoured nozzle 
Mach Range: 8 t o  13 
Po Range: 
To Range: 
R u n  Time: 1 - 4 sec. 
Tunnel Recycling Time: 2 hours 
2 1 O C )  to 18,800 ps i a  (690 to 13,000 iJ/cm ) 
12tXo t o  2500°R (700 t o  1 3 9 O O K )  
Design Points: 
8 3 
M = 8; Red; = 1.5 x 10 ; Po = 3210 ps i a  (2215 N/Cm') To = 12OO0R ( 7 0 0 O K )  
W = 2840 lbm/sec (1290 kg/sec) 
A )  
2 B) M = 13; ReAG = 6.55 x lo7; P = 18,800 ps ia  ( 1 3 , O O  I? /cm ) 
To = 2500°R ( 1 3 9 O O K )  W = 1028 lbm/sec (466 kg/sec) 
C) M = 8; Re,/: = 4.87 x lo7; Po = 18,800 psia (690 N / c m  !; 
2 D) M = 13; Re& = 3.54 x lo7; Po = 10,000 ps i a  (6900 N/cm ); 
2 
To = 1 2 6 0 ~ ~  (700OK) W = 910 bbm/sec (413 kg;!sec) 
To = 2500°R ( 1 3 9 O O K )  W = 545 lbm/sec (247 kg/sec) 
Feature 
L ..' :?.i75 m) axisymmetric nozzles. Closed jet  test  cabin a id  
..?A t. 
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Features : (Continued) 
2. Nitrogen gas pumping and storage system = 1500 ps i  (1035 N/cm2) 
3.  Booster pump systeni, 1500 ps i  t o  10,000 ps i  (1035 t o  6900 N/cm2) 
4. Electr ical ly  heated hi& pressure gas dr iver  vessels Po = 30,000 psi  
(20,700 N/cm2) 
5. Pressure control valves t o  maintain constant, Po 
6. Fixed volume, e l ec t r i ca l ly  heated stagnation chamber. 
7. Diffuser and dump tank wi th  vacuum system 
8. Power supply and control system 
9 . Building for  control room, of f ice  area, instrumentation/cdibrat  ion 
area, test  set-up &rea, photo lab. 
Instrument at ion : 
1. Internal  balances 
2. Pressure system (Reference and caJ ibmt ica  system, transducers, si-d 
conditioning - 200 channels) 
3. Temperature system (Reference Emsd cal ibrat ion sys+,em, thermocouples , 
heat t ransfer  gages, s igna l  conditioning 200 channels) 
4. High speed Loop tape recorder (500 channels) 
5. Schlieren systey.. 
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FIGURE 6-32 GASDYNAMIC FACILITY 607,  SCHEMATIC DRAWING AND PERFORMAWE 
set of Replaceable wonzles, 
8~ M < 13,lO ft OSm) Bia. 
To Evacuated Bump Tank 
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~ ~ 1 5  ELECTRIC HEATED HYPERSONIC BLOWDOWN TUNNEL 
Des c ri p t  i on : 
This f a c i l i t y ,  Figure 6-33, 2perates on a blowdown cycle,  sirnilarr t o  GD3,  i n  
t he  range 3cMc8.5, -- with run times of 20 sec. An induction heated steel  matrix 
storage heater is used. 
Specifications: 
T e s t  Section: 8.86' x 8.86' (2.7 x 2.7 m )  
Mach Range: 3 t o  8.5 
PO Range: 
To Range: 
Minimum Run Time: 20 sec 
Pump Up Time: 60 min 
53 t o  3200 ps i a  (36.6 t o  2210 N/cm2) 
150 t o  SO0 OF (65.5 t o  k2TCL') 
Design Points : 
A) M = 4.5; R e r =  3 x lo8; Po = 538 p s i a  (371 N/cm2); To = 150°F (65.5"~)  * = 8150 l b d s e c  (3700 kg/sec) (Max  w )  
B) M = 3.0; R e f i  = 1.61 x 108; PO = 140 ps i a  (96.6 N/cm2); To = 150°F (65.5"~) 
J = 8150 lbm/sec (3700 kg/sec) 
M = 8.5; Ren = 1.3 x 108; PO = 3200 ps i a  (2210 N/cm2); TO = 800°F (427OC) * = 2142 lbm/sec (970 kg/sec) C)  ( M a x  Po) 
D) M = 3.0; R e E =  6 x 107; Po = 53 p s i a  (36.6 N/cm2); To = 150°F (65.5"~)  * = 3070 lbm/sec (1390 kg/sec) 
E) M = 5.0; ReJ- = 8 x 107; Po = 280 p s i a  (193 N/cm2); To - 320°F ( 1 6 0 " ~ )  
3 = 2410 lbmjse : (1093 kg/sec) 
M = 8.5; R e r  = 1.07 x l G 8 ;  Po = 2680 ps i a  (1850 K/crn2); To = 800'F (427°C) 
3 = 1830 lbnfsec (830 kg/sec) 
F) 
Features : 
1. Flexibl? p la te  nozzle, jacks,  control system. (For le.-.s expensive 
alternate, a 10' dia. (3.05 m) Eaxisynrmetric nozzie with a set  of replace- 
able throa ts  may be specified.)  
2. Induction heated steel matrix storage hea ter ,  steel core 7.5' ilia. x 15'  
deeg (2.29 x 4.57~1). She l l  11' dia. (3.3%). 
3. Heater power supply and control .* 2.5 a e g m a t t  (assuming one how reheat) .  
4. Model support, actuation and control  system. 
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Features : (Continued) 
5. Po and To control  system, cons is t ing  of  an automatically controllrrt  
t h r o t t l i n g  valve for tot21 w e i g h t  flow, heater byp-ss loop w i t h  control 
valve fsi- bypass a i r ,  a i r  mixing chamber downstream of heater. 
6. BlLlding for control  room, o f f i c e  area, instrumentation/calibration 
.?,rea, tc-+ setup area, photo lab. 
7. Later capabi l i ty  extension provided by steam eJec tor  system f o r  boosting 
exhaust pressure from 1 /2  t o  1 atmosphere. 
Instrumentation : 
1. In te rna l  balances. 
2. Pressure system (reference and ca l ib re t ion  system, transducers , s i g n a l  
conditioning , 200 channels ) 
3. Temperature system (Reference and ca l ib ra t ion  system, thermocouples , 
heat transfer gages, s i g n a l  conditioning, 200 channels) 
4. Analog/digittll converter and recording sirstem - 50" chmnels  . 
5. Schi leren Sys t e m .  
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FIGURE 6-33 GASDYMAMIC FACILITY GD15, SCHEMATIC AND PERFQRMAWCE 
Variable Throat Diffuser 
Haater Isolation Valve 
Cold Air Bypass 
for Temperature Control 
Main Control Valve 
Schematic Orawing 
Reynolds Number-Mach Wumber P 
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~ ~ 1 6  LUDWIEG TUBE iXYPERSONIC WIND TUNNEL 
Descripti.on: 
This is a Ludwieg Tube Type h p u l s e  Wind Tunnel, Figure 6-34, operating i n  t h e  
rango YM28.5. 
f ac i l i%y  is expecteu t o  be cheaper than G D l 5  t o  bui ld ,  but less productive 
and nore expensive per data point than GD15. The s t a r t i n g  load; at these Nach 
numbers could severely r e s t r i c t  t h i s  type of tunnel i f  present blowdown fac i l -  
i t p  data is applicable. 
achieving the  desired dynamic pressures i f  the s t a r t i n g  loads are excessive. 
I t s  performance is specif ied t o  be iden t i ca l  t o  GD15. This 
The technical  r i s k  i s  primari,ly associated with 
Spe c i  f i cat i a s  : 
T e s t  Section: 8.86' x 8.86' (2.7 x 2.7 m) 
Mach Range: 3 t o  8.5 
Po Range: 20.8 t o  3200 psia (14.3 t o  2200 N/cm21 
To Rmge: ,L:O t o  800'F (c5.5 t o  427%) 
wnimm Rur Tim: 1 scc 
Time Between Shots: 4 hr 
Design Points : 
A) M = 3.0; Re&= 4.43 x lo8; Po = 385 psia (265 N/cm2); To = 150'F (65.5'C) 
B) M = 4.5; ReG= 3.0 x 108; P, = 538 psi& (371 N/c&); T~ = 150°F i65.5°C) 
8 - 1  - I  M = 8.5; ReC= 1.3 x lo8; Po = 3200 psia, (2200 N/cm2);  To = 800'F (427'C) 
Q ,  M = 3.0; Re6 = 2.3 x 107; Po = 20.8 psia (14.3 N/cm2); To = 150°F (65.5OC) 
E) M = 5.0;  Re6 - 3.36 x 107; Po = 110 psia (75.8 N/cmzj; To = 320'F (160'C) 
F) M = 8.5; Rev:= 4.7 x 107; Po = 1140 Fsia  (786 N/cm2) ;  To = 800'P (427'C) 
Features : 
1. Flexible p l a t e  nozz1G3, jacks,  control system. (Altarnate methoi may 
use 3 or 4 axisymmetric 10' dia. (3.05 m) nozzles.) 
2, Expaasion tube, 6' dia. x 610' long 1.83 m dia. x 186 m bag! 
[*charge max 
Fast response tunnel isolo2iorr Vave 
= 4750 p s i 4  (3275 N / c m  6 
3. 
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Features : (Continued) 
7. Diffuser and dump tank 
8. Vacuum pumping system 
9.  Building for control rocta, office area, instrumentation/calibration 
area, test set-up area, photo lab 
Instrumentation : 
1. 
2. 
3. 
4. 
5 .  
6-82 
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5.4.4 - GAS DYNAMIC FACILITY COSTS 
Ektiaated i n i t i a l  investment costs and operating costs of the car-;date ground 
+ -\-.+ s L  vicilities ax-e shown in  tabular form i n  Figure 6-35. mese figures give cost 
Sreakdowns as vel1 as totals. 
'35 ground rules and methodology used i n  developing these cost estimates are 
iii;cuq..ed i n  detai l  i n  Section 6.11. 
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FIGURE 6-35 COST SUMWRY, GAS QYHAMIC FACILITIES 
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6.5 EUGiXE RESEARCH FACILITIES 
To satisfy future  system req*drements , engine research f a c i l i t i e s  w i l l  I robat Ly 
be required t o  accommodate full sca le  enfiines and components. 
ab i l i t y  of m a n y  of the engine components depends on the  achievement of temperatures 
equivalent t o  f l i g h t  v:+lues, thus achievement of f l i g h t  duplicated conditions is 
very importtint. A wide range of e3:iivalence r a t i o s ,  including stoichiometric,  is 
possible over the spectrum of f l i g h t  regimes and engine concepts. 
possible t o  xmpensate f o r  a lack of f l ight  duplicated stagnation temperatures i n  
a test f a c i l i t y  by increasing equivalence ratio, as is currently done. 
taken i n  develgping the  engine f a c i l i t y  concepts w: to provide for fUl tempera- 
t u r e  dup l i ca t im  over the  e n t i r e  ihch number range, within the l imitat ions of cur- 
r e n t  technology. The f a c i l i t i e s  were s ized to i n i t i d l y  accommodate engines cur- 
rent17 i n  design, operation o r  conceptual development, w i th  further refinements i n  
Phase X I  t o  include adaptions t o  future requirements. 
f l i g h t  duplicated ccyditions,  t h e  engine f a c i l i t y  concepts w i l l  incorporate aero- 
dpmnic nozzles for  aerothermodynarnic/structural research capabi l i ty  a t  duplicated 
i. elm i t y  , Xach number and a l t i t u d e  . 
Testing t h e  surviv- 
It is not always 
The approach 
I n  addition t o  providing 
6.5.1 
engine test f a c i l i t i e s :  
CRITE3IA - Two pr inc ipa l  cri teria dominate the design requirements. f o r  the 
o The f a c i l i t y  must have the  capabi l i ty  t o  provide duplication of the 
f l i g h t  veloci ty  ., Sach nmber and a l t i t u d e  . 
o The f a c i l i t y  nust. be capable of accommodbiting a f u l l  scale engine. 
Tc Wiy sa5isfy t'nese two criteria it is necessary t o  consider the  method of 
sin&-ating tke  in lez  f l c w ,  and the e f f e c t  of inlet geometry and -le of a t tack  
on ovtraii test sect ion size. 
Several def in i t ions  of capture area are possible i n  the description of i n l e t  
characteristics. These are shown graphically i n  Figure 6-36. Acm is  the  
geometric frmtal area of the i n l e t  when t'ne i n l e t  is at zero degrees angle of 
attack. kINLT i s t h e  projected geometric f ron ta l  area of the i n l e t  when t h e  
i n l e t  is a t  angle of attack. 
will enter t h e  engine. baSIiiE 
flow whi l e  P 
&m,lcII;E corresponds t o  the ::trean tube area which 
is used in sizing t he  free jet facilities. 
are used i n  cijmputing the  engine mass AcAPTuRE 
~II iLET 
As depicted i n  Figure 6-3(,  t h e  magnitude of the stream tube area entering t h e  
engine AoErrGItm can be twice %he magnitude of the  zero angle of a t tack ,  geometric 
capture area (Ac 1 . 
The s i r e  of the nozzle required t o  accommodate an e n t i r e  engine/inlet  combina- 
tio:A i s  Frimarily dependent on the length of t h e  system and the desired angle of 
attack, as shown on t h e  following page. 
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FIGURE 6-36 IKLET GEOMETRY DEFINKIONS FOR DETERMINING TEST FACILITY MASS FLOM 
5 CSJ Module 
6 CSJ module 
10 Sq Ft @.93 &) Total Etrgine 80 Sq Ft (8.3 n2) 
0 Sq Ff (5.6 m2) T a l  Engine 480 Sq Ft (44.5 ~ 2 )  8 7 M1115XCA 20.2 Sq Ft (RI) (1.87 d)  
@ Acceleration SJ 45 Sq Ft (4.2 
8 10 ?ill= 12 Pcint Design U 35 Sq Ft (335 d)  Total Engine 140 Sq Ft (13 d )  
Total Engine 270 Sq Ft (25 d)  
9 M = 8 Point Design SJ 35 Sq Ft (2.35 m2) Total Engine 140 Q Ft 83 32) 
2 
b 
$Engine 
A, 
I 
O *  I I I I 1 I 1 I 1 J 
3 4 5 6 7 8 9 10 11 12 13 
k h  lllulnber 
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where : 
the test  section height > L tan CL 
5 1.4 L tan  a 
is necessary t o  provide for proper f l o w  over the i n l e t  l i p ,  and the col lect ion of the 
mgine exhaust gases. For aneles of a t tack approaching: 2$O, end large advanced air- 
c ra f t  engines, w i t h  t o t a l  len@hs exceeding 60 feet (18 m ) ,  very high test  sections,  
approaching 40 feet (12 m) i n  height are necessary. 
current maximum f a c i l i t y  height fo r  propulsion wind tunnels. The ettainment of scch 
a f a c i l i t y  s i z e  i n  pract ice  would be ser iocsly questioned, from a cost and feasibil- 
i t y  stanQxiat, as about 17 t o  18 tilnes the  individual engine mass flow i s  reqaired. 
It should be noted that  for  s c r m e t  engines the en t i r e  vehicle represents the  i n l e t /  
combustor/e,Yhaust nozzle system and although the  angle of a t tack range is less, the  
requirement t o  place an en t i r e  planform in to  the test section could require an ever, 
larger  nozzle. 
engine concept would require a nozzle about 43 feet (13 m) i n  diameter a t  Mach number 
9 f l i g h t  duplicated conditions. 
This is about three t i m e s  the 
For example, a 90 foot  (27 m )  long a i r c r a f t  shape w i t h  an integrated 
One al ternat ive is t o  provide airflow only local ly  around the i n l e t  as approx- 
imated by the  area A O I E ~ L ~ .  
inlet-engine combination, the s i ze  of the  nozzle could be reduced s ignif icant ly .  
Analysis oP t h i s  approach is presented i n  Figure 6-37. 
Since tiA2 i n l e t  length is  considerably shorter  than the 
Acl i s  t h e  geometric capture area associated w i t h  the  re la t ive ly  highest i n l e t  
system under consideration, and Ac2 i s  the geometric capture area associated with 
the re la t ive ly  widest i r le t  system under consideration. The minimum s i z e  for  the 
test  section is then: 
] -[ sin e htMAX sin (e + OC) W % I N  
For the purpose of s iz ing the test  facil i t ies,  the  following l imitat ions were 
assumed: 
(a) A 20 it2 (1.86 m2) capture area engine with a free stream in!.et and an 
A 35 Pt2  (3.25 m2) capture area engine with a vehicle flow f ie ld  i n l e t  
nm= 6 and a max imum angle of- at tack of 20 degrees. 
and an nMIM equal t o  0.8 and a maximum angle of at tack of 10 degrees. 
(b) 
Using the  values of and nMIN set by the  l imitat ions,  the value of 
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FIGURE 6-37 INLET GEOMETRY CONSIDERATIONS FOR SIZING FREE JET FACILITIES 
h n = -  
W Tunnel Size 
sin (e+ a) 
sin 8 
h ’=h 
sin 8 
C = h ’ h x W b  = 
A & A  are the geometric capture areas associated with the 
engines used to size the n o d e  height and width respectively. 
c1 =2 
1.68 1.66 1.53 129 
sin 8 
8 
h 
/ 
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Thus, a free j e t  f a c i l i t y  accommodating the i n l e t  rsquires at least three times 
t h e  mass flow of the largest  individual engine. This type of f a c i l i t y  has  an 
undesirable feature associated with the technique employed t o  p i t c h  the  t e s t  
aAic le ,  and the non-similarity of the  flow f ie ld  around the  remainder of t h e  
engine, as depicted below: 
Shock Rhombus 
\ 
Bpws ion  
Fan 
Fan 
However, t h i s  concept may provide the only economic al ternat ive t o  immersing 
the en t i r e  engirie i n  the f l o w  stream. 
Phase I1 when a suff ic ient  de t a i l  w i l l  be available t o  provide a r e a l i s t i c  mechani- 
ca l  des i gn /research capabili ty /cost evaluation 
These aspects w i l l  be further ref ined i n  
The f a c i l i t y  s ize ,  ccmplexity, and costs involved with f ree  j e t  t es t ing  of 
In  many cases the f i d e l i t y  of t he  conditions provided i n  the  test  
large i n l e t  engine syatems i n  prcrpuLsion wind tunnels have h i s to r i c s l ly  been 
s ignif icant .  
section compared t o  actual flight conditions have been compromised i n  order t o  
obtain a viable operational f ac i l i t y .  
necessarily require complete duplication of t he  inlet system i n  order t o  accom- 
pl ish neaningf'ul research , and therefore there are three fundamental experimental 
techniques used for  engine research. 
Much of the  engine research does not 
A8 depicted i n  Figure 6-38, these are:  
o free Jet ,  propulsion wind tunnel 
o d i rec t  connect 
o modified direct  connect. 
The advantages of tfie di rec t  connect technique are a )  only the er.gine mass flow 
need be provided, which i s  considerably less than that required for  f ree  Je t  
t es t ing ,  b) the nozzle supplying the airflow t o  the engine operates a t  the 
nominal duct Mach number rather than the free stream Mach r;lxmber, s ignif icant ly  
reducing the nozzle pressure r a t io .  
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FIGURE 6-38 ENGINE TEST METHODS 
a) Free Jet 
\ .  
.C 
Nozzle 
f -  
b) Direct Connect 
. . - -- 
c) Modified Direct 
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The other method which povides  some flcv simulation through the i n l e t  throat  and 
diff’user, and yet  provides a measure of  reduced s taglat ion pressure requirements i s  
the.modified d i rec t  connect technique. 
shocks and the  throat  flow are simulated. 
the  f ac i l i t y .  
reservoir pressure is increased; and the nozzle Mach number and ramp angle are 
adjusted t o  represent the  e f f ec t s  of the i n l e t  chmging angle of a t tack.  
the geometric flow area remains fixed by the nozzle dimensions. 
As depicted i n  Figure 6-38, two of the i n l e t  
This reduces pressure requirements fo r  
Instead of pitching the i n l e t  t o  achieve greater compression, the  
Thus, 
The direct connect method and free j e t  method W i l l  be employed for  the turbo 
machinery facilities as the  primary basis for t h e  f a c i l i t y  concepts. 
direct  connect technique w i l l  a lso  be considered as an alternate arrangement t o  
provide a source of t i m e  variant engine/inlet compatibility data without necessarily 
having t o  provide a free jet capabili ty.  Because of combined mass flow, i:-essure, 
and temperature requirements for  the scramjet f a c i l i t i e s  , the  modified direct  con- 
nect method W i l l  be a primary c r i te r ion  for establishing t h e i r  design. 
The rnodified 
The most challenging requj&*ements, i n  terms of reservo2r pressure and mass 
flow are presented by f’ree jet  simulation methods. 
expanded t o  f l i g h t  velocity,  Mach number, s t a t i c  presswe, and s t a t i c  tempcrature 
by aa aerodynamic nozzle, with rapidly increasing pressure r a t io s  as Mach number i s  
increased. 
the fl ight corridor established i n  Figure 6-4. The combination of stagnation pres- 
sure and temperature cannot be increased without l imitation. 
must operate for  s ignif icant  TU durations the  f a c i l i t y  components must be cooled 
by some technique. The c r i t i c a l  component i s  generally the nozzle throat  which 
experiences the highest heat t ransfer  rates. 
and FDL can genera-ly be correlated in to  a maximum heat t ransfer  rate which can 
be accommodated by back side, thin fib water cooling techniques, by the 
express ion : 
The gac must be isentropical ly  
These simulation requirements are summarized i n  Figure 6-39a for 
For f a c i l i t i e s  which 
Data obtained a t  AEDC, MCAIR, 
- R U $zr 
1’ 
& = 39,000 
= 2.78 x 107 J - 6 5  kg 
where Po is the  reservoir pressure and H, is the reservoir  enthalpy. 
The shaded area i n  Figure b-39a represents the area not available t o  long run 
duraticn f ac i l i t i e s  because of t h i s  cooling limitation. 
wind tunnel techniques are necessary t o  achieve the desired conditions. 
6-39b contains t i e  International a-stem uni t  conversions for  the callouts i n  
Figure 6-3ga. 
In t h i s  area, impulse 
Figure 
In order t o  define the direct  connect and modified direct  simulation require- 
ments, the  stagnation pressure recovered within the inlet is required. 
of t h i s  recavery is shmn i n  Figure 6 4 0 a  for  specific inlets and flight paths, 
for d i f fe rzn t  regions of the inlet. 
on X C A E  h t b .  The variations i n  the recovery for  the supersonic colnibustion case 
generally ref lect  variations i;l angle of attack as the a i r c ra f t  is accelerated t o  
i ts  design speed of Mach 12. 
many duct configurations and data sauces is given i n  Figure 6-4Ob. 
pressure recovery values fw subsonic combustion, the subscmic direct  connect dupli- 
catioii requiremegts can be represented i n  Figure 6-41. The shaded area indicates the 
limits used i n  -.ais study, of 150 psia maximum duct pressure (103 I/&), and 
Mach rimer 6. 
or 8, but, the value of equivlrlence r a t io  could exceed me by a significant margin, 
rendering such operation inef ficfent , though technical's possible 
An estimate 
The recovery repesented for  a subsonic duct, 
5 , is slightly greater than that specified i n  Mil  Spec, MIbE5008C, and is based 
A generalized pressure recovery region, representing 
Using these 
This Mach number cut-off point could be as high as Mach number 7 
The simulation requireents  fo7- modified direct connect methods are given i n  
Figwe 6-42. 
maximam conditions obtakable using vitiated air techniques (mixtures or  combus- 
tions products, air, and oxygen, which maintain a 20% unburned oxygen content). 
The l i m i t  of the shaded area represents the throat co31ing l i m i t  given for the 
free jet simulation requirements i n  Figure 6-39. Because of the reduced stagna- 
tion pressure requirehmts, duplicate? conditions can be achieved at higher .Mach 
Lmbers "clan am shown i n  Figure 6-39a for the isentropic free jet case. Again, 
transition from subsonic t o  supersonic cabust ion is represented at Mach nuuiber 6, 
although t h i s  is not necessarily the olllaftransition Mach number. For the modified 
direct mode, the local Mach number requirements are estimated I n  Figure 6-43. This 
local P ? h  nuPbtr is slibstantially less than the free stream Mach number, providing 
reduced reservoir pressure requirements. 
employing modified direct connect techniques, the flow conditions provided by 
the nozzle correspond t o  region 3 . 
The boundary t o  the left of the shaded are6 is representative of the  
For the screunjet engine test sectian . 
The reservoir presswe and temperature requiremnts for the different simu- 
lation techniques are summized i n  Figure 6-44a. 
increasing pressure levels as the temperature [velocity) is increased. 
l i m i t  of current water cooling capabilities is indicated. 
must be provided for a supersonic cosnbustion f a c i l i t y  must span two orders of 
magnitude, indicating that  the  mechanical compressors and valving associated w i t h  
such fac i l i ty  could be rather complex and present a significant problem i n  
systems control. Figure 6-4411 sur-wizes the mass flow for turbanachinery, 
ramjet, and scrnmjet engines. Der =As of specific engine requirements com- 
prosing t h i s  capos i t e  presentation are gjw*  7c'.wne V. The combination 
of m a s s  flaws, pressures ac l  tempratur.:. .r: in Figure 6-44 represent 
a significant step over existing cd \at .&her they can be provided 
This ilhstrates the rapidly 
The 
The pressures w h i c h  
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FIGURE 6-3% RESERVOIR CORIDITIOWS AND MASS FLOW REQUIRED 
FOR TEST SECTION DUPLICATION O f  FLIGHT COlDlTlONS 
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FIGURE 6 4 0 %  DEFlWlYlON OF PRESSURE RECWERY FOR EHIGIWE TEST FACILITIES 
Subsonic Combtion Supersonic Combustion 
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FIGURE Mob QEFIHITION OF PRESSURE RECOVERY FOR EffiINE TEST FACILITIES 
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FIGURE 6-41 RESERVOIR COIIIDITIOIUS AND M A S  FLOW REQUIRED FOR TEST SECTIOPl DUPLICATIQ! 
OF FLIGHT CQNDITIQS, EMGlIUE TEST FACILITIES, QIRECT CQNHECT, TURBOMACHINERY, R A M E T  
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FIGURE 6-43 MACH NUMBER REQUIRED FOR MODIFIED OlRECT CONNECT ENGINE TESTS 
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FIGURE 6-44b SUMMARY OF FAASS FLOW REQUIREMENTS FOR ENGINE RESEARCH FACILITIES 
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depends on detai led analyses of the present technology t o  define hardware f eas ib i l i t y  
and established r e a l i s t i c  costs consistent with the  Phase 11 or Phase 111 l eve l  of 
detail.  
6.5.2 ANALYSIS - There are numerous enthalpy source concepts (reference 1 ) which 
provide combinations of pressure and temperature suitable for  duplications OF various 
regimes of the f l i g h t  corridor. The 
f l ight  corridor shown is  that from Figure 6-4. The four reservoir heated isentropic 
f a c i l i t i e s  can 2rovi.de a complete duplication of t he  condl,Lons encomtered i n  f l i g h t  
for  t h e  potent ia l  operational hypersonic a i r c r a f t  below Mach numbers of 12. 
e l ec t r i c  heated and combustor heated (v i t i a t ed  air)  f a c i l i t y  conczpts are capable of 
continuous operation. The arc  f a c i l i t y  i s  capable of operF;tions as long as 30 min- 
utes  for some conditions while the  impulse f a c i l i t i e s  are l imi ted  t o  run times less  
than one-fourth second. For reference the nozzle cooling l i m i t  for continuous and 
t ransient  throat  cooling requirements is shown as the performance l i m i t  fo r  con- 
tinuous and intermittent f a c i l i t t e s .  Previously it was thought that magnetohydro- 
dynamic (MID) accelerators  could provide most of the test  conditions beyond t h e  
capabi l i ty  of  reservoir  heated isentropic expansion wind tunnels. 
D r .  Leon Ring at AEDC has shown that the entropy level  consistent with the operation 
Gf MHD accelerators is not consistent w i t h  t h a t  required t o  provide the necessary 
t e s t  conditions. 
expansion of air through nozzles w a s  first suggested by J. G. H a l l  s.nd co-workers 
at  the Cornell Aerorfautical Laboratory. The basis of t h i s  correlat ion w a s  suggested 
by observing the s imilar i ty  between Lighthi l l ' s  c l a s s i ca l  equation for entropy 
(reference 2 and 3) and the equation expressing the rate of change of the atomic 
species concentration along. the nozzle . A correlat ion parmeter  ( c  w a s  developed 
which provides correlat ion w i t h  respect t o  aozzle size as w e l l  as geametric shape. 
A f e w  of these are represented i n  Figure 6-45. 
The 
However, work by 
The use of the entropy l eve l  i n  defining limits of equilibrium 
- X = So/R + a 3.n TAM 0 + c So In  TAN0 
0 0 
r r*/ r r*/ 
where: r* = throat  radius 
r = reference throat  radius = 1 inch (2.54 cm) 
0 = Nozzle I i a l f  Angle 
0 
The effectiveness of t h i s  parameter is  demonstrated i n  Figure 6-46 where t h e  
atomic mole fract ion i s  plot ted against So/R and the  correlat ion parameter C. 
This approach great ly  simplified the estimation of the  degree of chemical 
equilibrium maintained during the  nozzle expansion, by re la t ing  d i r ec t ly  t o  the 
reservoir pressure and temperature. 
Examination of Figure 6-44 w i l l  indicate that entropy levels reprcaented by 
Nomd.ly, t he  wind 
values of C which exceed 32 cannot b6 considered t o  be i n  chemical equilibrium. 
This leve l  of reservoir  entropy is indicated i n  Figure 6-45. 
tunnel perfomace for f l i gh t  duplication is represented i n  terns of a l t i t u a e  and 
velocity,  however, t h i s  presentation is equivalent t o  an entbEdpy/aiitropy 
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FIGURE 6-46 FROZEN ATONIC MOLE FRACTIOW ws RESERVOIR ENTROPY 
ws Reservoir Entropy 
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representation. An isentropic  process i s  one t h a t  occurs at constant entropy 
therefore t h e  entropy i n  t h e  test section equals the  entropy i n  t h e  reservoir.  
The magnitude of t h e  entropy i n  the  test section is proportion?? t o  t?e s t a t i c  
temperature and pressure, and therefore a l t i t u d e  , thusly: 
The veloci ty  is  related t o  t h e  enthalFy by the expressior,: 
V, t 223.8 
where : 
V, = f l i g h t  veloci ty  ( f t / s e c )  
H, = stagnation enthalpy (Btu/lb) 
D r .  Ring has shown t h a t  with a l k a l i  m e t a l  salt seeding, a MHD accelerator  can 
function when t h e  input is provided by a reservoir  heated, isentropic  expansion 
device operatine at an So/R of 32. 
w i l l  assure operation of the  accelerator  device. 
the gas increases t h e  entropy level o f  t h e  gps.  
by t h e  exit conditions of t h e  accelerator correspond t o  a higher a l t i t u d e  than those 
a t  t he  entrance of t h e  accelerator.  
t h e  operation of t h e  MHD accelerator  and t he  isentropic  expansion f a c i l i t i e s  which 
is  apparently beyond t h e  present technology i n  terms of providing f l i g h t  duplicated 
conditions. 
region corresponding t o  a l t i t udes  less than 200,000 f t  (60 km) an’ ve loc i t i e s  
greater  than 16,000 f t / s e c  ( 5  km/sec) must be duplicated t o  accomplish necessary 
research. 
sonic a i r c r a f t  presented i n  Volume V, t h i s  does not appear necessary unless the Mach 
number is increased s igni f icant ly  beyond 12. 
u t i l i z e d  i n  t h i s  study f o r  t h e  engine research f a c i l i t i e s  appear 50 provide t h e  
necessary conditions up t o  Mach numbers of 12. 
However, t h i s  is  about a minimum l e v e l  which 
Thus, t h e  condition represented 
The accelerator i n  accelerating 
In  Figure 6-45 there i s  a region between 
This could represent a va l id  ground f a c i l i t y  research area i f  t h e  
In  terms of the  requirements f o r  the  nine poten t ia l  operational hyper- 
The f a c i l i t y  enthalpy source concepts 
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6.5.3 DESIGN CHARACTERISTICS - A brief description of t he  f a c i l i t y  performance, 
physical character is t ics ,  and f a c i l i t y  concept is presented for  each of f a c i l i t i e s  
retained after the  i n i t i a l  screening process. 
cant increment mer exis t ing f a c i l i t i e s  and are needed t o  provide the defined research. 
These f a c i l i t i e s  represent a s ignif i -  
In order t o  put the  e n t i r e  ten  engine f a c i l i t i e s  i n to  perspective, Figure 6-47 
shows a l l  of t he  f a c i l i t i e s  considered I,: -Phase I ,  and the i r  disposit ion.  Five of 
these f a c i l i t i e s  w e r e  fully refined in  Phase I. A more complete ra t ionale  for  t h e  
disposit ion of these f a c i l i t i e s  i s  given i n  Section 7. 
description of each f a c i l i t y  i s  summarized i n  Figure 6-103 showing performance and 
cost estimates where available . 
A reasonably complete 
The basic  assumption underlying the choice of each candidate engine test 
f a c i l i t y  is  tha t  fu l l  scale duplication of all f l i g h t  parameters must be achieved 
throughout its Mach range. 
the Cesired test engine. 
Overall f a c i l i t y  size vas then keyed t o  t h e  s ize  of 
Figure 6-50 $epicts an al ternate  arrangement for f a c i l i t i e s  E8, E9, and El0 
t o  provide aerodynamic, thermodynamic and structural t e s t ing  capabili t)  . 
posed al ternate  method would allow t h e  scramjet engine test secticm t o  be removed 
and replacea w i t h  various nozzles that would form an enclosed free jet t e s t  section. 
Representative nozzle anfi test a r t i c l e  s izes  are shown. 
The pro- 
d 
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E6 DIRECT CONNECT TURBOMACEINERY ENGINE FACIWq 
Description: 
An a l t i t u d e  simulation test c e l l  f o r  performance and qua l i f ica t ion  tests of 
t . a b o j e t  and turboramjet engines. 
of continuous operation i n  +,he direct connect mode From M= = . 1 t o  5 . 5 .  
e jec tors  w i l l  provide altitude simulation t o  85,000 ft (26 h) for accurate simulation 
of engine nozzle charac te r i s t ics .  
modat ed. 
W i l l  have an air  supply and heating plant  capable 
Steam 
Ehgine diameter t o  90" (2.29m) can be accom- 
Spec i f  i c a t  ions : 
Tes t  Section: 
Mach Range: 
Altftude Range: 
Stagnation Pressure: 
Stagnation Temperature: 
Mass Flow Range: 
Thrust Stand: 
Run Time: Continuous 
90" dia (2.29 m) 
0 t o  85 k f t  (0 t o  26 lan) 
.1 t o  5.5 (simulated, d i r ec t  connect mode) 
14.7 t o  226 psia (10.1 t o  156 n/cm2) 
532 t o  2200°R (296 t o  122O0K) 
633 to 1650 lbm/sec (287 t o  748 kg/sec) 
100,000 l b  (444,800 N) 
Features : 
1. 
2. 
3. ELectric heater. 
4. 
5. Tes t  cell,  with t h rus t  stand. 
6. Water cooling system. 
7. 
Compressor p lan t  capable of continuous operation. 
Steam e jec tor  plant  f o r  complete altitude duplication. 
Nozzles for direct connect or modif ied direct  connect testing. 
Conventional and cryogenic fie1 storage, d i s t r ibu t ion ,  and control  system. 
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Duct Walls Sarae as 
Fdl Scale Airplane So 
Wall Tmperatt~re ollplicded 
(page 6-u2 is Blank) 
p-. . . 
FOLDOW FRAME 
r, FliQt 
00 
fern 
stage Skm 
G- 
0.1 
1.0 
1.2 
1.7 
2.0 
25 
3.0 
35 
4.0 
4.5 
5.0 
t-Fdl I 0.5 
Stagnation 
T7Gtm 
556 ( 309) 
a(=) 
W( 379) 
7W ( 390) 
758 ( 421) 
aO( 489) 
1090 ( 606) 
1350 ( 750) 
1BO( 906) 
19on (1060) 
~ ( 1 2 2 0 9  
@o 
Direct Connect 
Stagnation 
presstoe 
(PW 
14i ( 10.0) 
17.0 ( 11.7) 
27.0 ( 18.6) 
34-u 234 
342 ( 23.6) 
383 ( 26.4) 
52.0 ( 35.8) 
76.0 ( 52.4) 
105.0 ( 72.4) 
129.0 ( 89.0) 
150.0 (l04.0) 
150.0 (104.0) 
(N/d 
I Modified Dired Connect 
633 (281) 
710 (322) 
930 (421) 
1180 (535) 
1050 (476) 
1090 (495) 
l2@ W) 
1350 (612) 
1500 (680) 
940 (426) 
770 (349) 
630 rn 
W=c) 
145 ( 10.0) 
17.0 ( 11.7) 
27.3 ( 18.8) 
35.0 ( 24J) 
35.0 ( 24.1) 
39.8 ( 27.4) 
55.0 ( 37.9) 
82.0 ( 565) 
121 .o ( 83.4) 
179.0 (123.0) 
226.0 (l56.0) 
( N / d )  
bimum M i x  Temperature in Heater 2650% (148OoM. 
Maxiimn Heater Power 530 Megawatts Input with 70% Erficient Heater Equivalent to 
the Heat Input from 27 Ib/sec (32.2 kg/sec) of Gasoline and 380 Ib/sec (172 kg/sec) of Air. 
700 (318) 
780 (354) 
1010 (456) 
1298 (589) 
1155 (524) 
1199 
1320 (6oa) 
1480 (672) 
1650 (749) 
1030 (468) 
840 (382) 
690 (313) 
(WSW 
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E7 FREE JET TURBOMACHIIWRY ENGINE FACILITY 
Description: 
S i m i l a r  t o  E6 i n  air supply, heater  and exhauster cha rac t e r i s t i c s .  This 
f a c i l i t y  perI'orms continuous tests on turboje t  a id  turboramjet engines (90  in.  d ia . )  
(2.28 m )  i n  the free jet mode from MOD A two-dimensional adjustable  
nozzle capable of a var ia t ion  of -5' t o  +20° i s  provideti so t h a t  f u l l y  programmed 
f l ight  t r a j e c t o r i e s  ( Z ,  M, a) may be run on a real +,ii,ie schedule. 
= 1. t o  5.0. 
Specifications:  
T e s t  Section: 7' x 13' (2.13 x 3.96 m) 
Mach Range: .I t o  5.0 
Alt i t -de Range: 
Stagnaticn Pressure: 
Stagnation Temperature: 
Mass Flow Range: 
Thrust Stand: 
Run Time: Continuous 
0 t o  85 kf't ( 0  t o  26 km) 
3 t o  198 p s i a  (2.07 t o  136.5 N/cm2) 
532 t o  1630 OR (296 t o  905 OK) 
910 t o  9100 lbm/sec (412 t o  4120 kg/sec) 
100,000 l b  (444,8Cq N) 
Feat ur; s : 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
0. 
Compressor p lan t  capable of continuous operation. 
Steam e jec to r  p lan t  for complete a l t i tLde dEplication. 
E lec t r i c  heater. 
Two-dimensional ~ d j u s t a b l e  nozzle capable of pitching. 
T e s t  c e l l  w i t h  thrust stand. 
Water cooling. 
Conventional and cryogenic fuel storage, d i s t r ibu t ion ,  and cont ro l  system. 
Themo/structural  research can be accomplished i n  free jet  test sect ion.  
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FIGURE 6-49a ENGINE FACILITY E7, SCHEMATIC DRAWING AND PERFORMANCE 
Ncezle Exit 13 I t  High x 7 i t  &:de (3.96 x 2.13 m) r Air Heater 
L Heater Power - 1,400 megawatts 
Through Coolen - - - 
for Input into 
Axial Flow Compressor 
- 
I 1 -. 
Flight 
Mach No. 
0.1 
05 
1 .o 
19 
1 3 
2.0 
2 3  
3.0 
3 5  
4.0 
h i m u m  
Plenum 
Pressure 
(via)  
I 14.8 (10.2) 
17 A (12.0) 
27 J (19.1) 
352 (29.2) 
356 (24.6) 
40.8 (28.1) 
574 (393) 
86.0 (59.4) 
130 (89.0) 
198 (137.0) 
1 
I (N/CmZ\ I PK) 
Stagnation 
Temgerature 
(OR, 
532 (296) 
556 (309) 
637 (354) 
682 (379) 
707 (390) 
759 (421) 
880 (489) 
1090 (606) 
1350 (750) 
1630 (906) 
- .  
Assumes Matrix Heater Temperature - 2650OR (148OOK) 
- 
Engine 
Mass Flow 
flax.) 
(Ibm/sec) 
1500 ( 680) 
1720 ( 780) 
2240 (1020) 
2s30 (1190) 
2080 ( 942) 
1820 ( 826) 
1480 ( 670) 
1390 ( 630) 
1230 ( 559) 
1080 ( 490) 
(kg/sec) 
Facility 
Mass Flow 
(Nla *I 
(Ibm/sec) 
2910 ( 411) 
3700 0600) 
i,SN (3540) 
9100 (4No) 
6550 (2970) 
5720 (2590) 
4700 (2130) 
3800 (1720) 
3450 (1560) 
3000 (1360) 
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FIGURE 6-49b ENGINE FACILITY €7, SCHEMATIC DRAWING & PERFORMANCE (CONTINUED) 
Adjustable Nozzle, M : 5 
, Model 
13 X 7 ft (2.1 x 4 m) Exit 
MCm4VNNRR.L AIRQRAP'T 
6-115 
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E8 MULT'IRECOMPRESSION HEATE! SCRAMJET ENGINE FACIL*ITY 
Description: 
This f a c i l i t y  i s  designed f o r  modified d i r e c t  connect continuous t e s t i n q  of  
Complete dupl ica t ion  of f l i g h t  condi t ions f'rom Z = 75,OGO ft 
conver t ib le  scramjet and scramjet engine modules of 10 f t 2  ( .929 m2) capture  area 
from M, = 6 t o  12. 
(22.9 km) t o  160,000 ft (48.8 km) w i l l  be provided by t h e  a i r  supply plant. a:d 
exhauster system. A two-dimensional adJus tah le  nozzle p-ovides  +,%e a b i l i t y  t o  
t .es t  a programmed f l i g h t  t r a j e c t o r y ,  includiiig t r a n s i t i o n  from subsonic t o  
supersonic combustion for CSJ. 
Speci f ica t icnz  : 
Test Section: 
Mach Range: 3 t o  L2 (s imulated)  
A l t i t ude  Range: 45 t o  169 k f t  (13.7 t o  48.8 km) 
Stagnation Pressure:  
Stagnation Temperature: 
Mass Flow Range: 
Run Time: Continuous 
1 +'?.2 (.0929 m2) 
850 t o  7900 psia (585 t o  4820 N/cm2) 
3000 t o  95r)0°R (1667 t o  5280OK) 
41 t o  516 lbm/sec (18.6 t o  234 kg/sec) 
Features : 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Compressor p l an t  capable of  supplying cold a i r  a t  desired m ,  and Po on 
a continuous bas i s .  
Steam e j e c t o r  p l a n t  f o r  complete a l t i t u d e  dupl ica t ion .  
Multirecompression hea te r .  * 
? heater  d r ive  motors, synchronized by t i m i n g  gears .  
Watercooled, f l e x i b l e ,  two-dimensional nozzle.  
Test c e l l ,  w i t h  i n s e r t s  f o r  dupl ica t ion  of  engine o r  veh ic l e  contours. 
W9ter cooling system. 
Crysgenic fue l  s torage ,  d i s t r i b u t i o n ,  and con t ro l  system. 
* The multirecomvression hea te r  is a, mechanical device which uses aearei ro to r s  
It t o  successively corripress t h e  Eras t o  nroduce extremelv hiPh t e m e r a t u r e s .  
i s  a concept under development 5v Flcser Wmtherston a t  t h e  Cornell  Peronaut,ical 
Laboratory. 
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1 Mot01 (2) 
I 
PRECDING ?AGE BLANK NOT FILMEL' 
& FRAME I 
Direct Connect 
270,000 hp (201,000 kW) 
Modified Direct Connec3 'h70,OOO hp (350,000 kW) 
FIGURE 6-51 ENGINE FACILITY E8, SCHEMA1 IC DRAWING AND PERFORMANCE 
ensional, Flexible,  
Wtirecoqressio 
Heater, 32" !-81 m 
Pitch Gears, 44' (1.34~1 
hni3 
Partial Expansion 
Nozzle 
To 
Ekhaust er 
Lle, 
L- Exhausters i 
fll, 
3.0 
35 
4.0 
4 5  
5.0 
55 
6.0 
7 .O 
80 
9.0 
9.4 
102 
103 
11.6 
12.0 
Facility @ass Flow = Engine masS Flaw Plus Leakage Mass Flm 
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HYBRID HEATER SC?J&*JET ENC-IfdE F A C I I m  
Des c r i pt. ion : 
Capable of modified d i r e c t  connect t e s t i n g  qf CS2 and EL.. engines. Coctinuous 
flow is  provided t o  a heater which operates by t h e  combustion of oxyqen enriched 
a i r  and carbon. This system w i l l  be used f o r  long t i m e  engine s t r u c t u r a l  and 
operational qua l i f ica t ion .  For engifie performance t e s t i n g  on a short  t i m e  basis 
using pure a i r ,  t h e  combustion heater  i s  vented and flow i s  run through a zirconia  
storage heater ,  w i t h  no p ? . s c  ir, t h z  t e s t ing .  The conbustion heater  is brought 
back onto l i n e  when t h e  storage bed temperature drops below the requirec! l eve l .  
An a l t e r n a t e  t o  t h e  combustion heater w i l l  be a continuously operating e l e c t r i c a l  
graphi te  heater.  This heater  operates on n i t rqqen .  A mixing chamber is  provided 
;ownstream of t h e  heater  f o r  addi t ion of  oxygen and/or N20 f o r  addi t ional  heat. 
The f a c i l i t y  test caFabi l i ty  i n  terms of air p lan t  and exhauster capab i l i t y ,  nozzle 
and engine module s i z e  is s i m i l a r  t o  t h a t  of E8- 
Specifications:  
T e s t  Section: 
Mach Range: 3 t o  8.5 (simulated) 
Alt i tude Range: 
Stagnation Pressure: 
Stagnation Temperature: 
Mass Flow Range: 
Run Time: Continuous 
.84 ft2 (-077 m2) 
45 t o  140 k f t  (13.7 t o  4 3  km) 
84 t o  3110 p s i a  (58 t o  2150 l?/cm2) 
1090 t o  5 lOOOR (610 t o  284OOK) 
120 t o  21C. lbm/sec (54.3 t o  95.3 kg/sec) 
Features : 
1. 
2. 
3. 
4. 
5. 
6. 
'1. 
0. 
9. 
Carbon/air/02 combustion chamber. 
Zirconia storage heater. 
High pressure air ,  02 compressor plar,t. 
Steam e jec to r  p lan t  "or complete a l t i t u d e  duplication. 
Possible a l t e r n a t e  heater - GrEphite inductior, type. 
Water cooled, f l e x i b l e ,  two-dimensional nozzle. 
Test c e l l ,  with i n s e r t s  f o r  dupl icat ion of engice o r  vehic le  contours. 
Water cooling system. 
Cryogenic fue l  storage,  d i s t r ibu t ion ,  and control  system. 
The carbon combustion concept represents  a unique apnroach t o  ;:rovi.ie hi!% 
temTerature gas for scramjet engine research. The s e l e c t i m  of cnrbm i n s t e x d  
of a hydrocarbon o r  other  fuel t o  provide a v i t i a t e d  t e s t  qac is based rr inar i ly  
on t h e  r e l a t i v e  chemical rea.ztiun rates between d i f f e ren t  s t r u c t u r a l  !?:I+ * : r i n k  
and ccatinqs and various eases.  
pcssible  s t r u c t u r a l  t e s t i n g  flow f a c i l i t y  for  MCAII? ( reference 4 ) .  
This concept has been proFosed ear l ier  a s  :-: 
Preliminary review of t h e  chemical ccmposition of t he  combustion ~.**(,.:af:tr 
for  an  oxygen r i ch  combustion of carbon indica tes  negl ie ib le  concentration of 
CO and f r ee  C. The data  presented i n  Figure 6-52 is  a compilation o f  datn :'ram 
many sources indicat ing t h e  temperature at  which s ign i f i can t  chemical react ion.: 
have been observed between various materials and eases .  
found i n  t h i s  f igure  is summarized i n  reference 5. For bas ic  metal and ceramic 
Most of the  infom*~t , ion  
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m z i t e r i : & ,  as w e l l  a:? those appearing ab coating systems ( S i l i c i d e s  and N i t r i d e s ) ,  
the  presence of water vapctr s ign i f icant ly  degrades the temperature l i m i t  a t  which 
s ign i f i can t  chemical react ions are observed. For a C02 am1 oxygen mixture however, 
the presence of oxygen would appear t o  dominate the oxidation process. Thus , using 
a hydrocarbon o r  hydrogen a; a fue l ,  t he  predominance of watPr vapor could drasti- 
ca l ly  shorten t h e  apparent usefu l  l i f e  of a metal or  coated re f rac tory  metal s t ruc-  
t u r e ,  while having only a negl igible  e f f ec t  on z i r c m i a  o r  alumina materials. 
I n  addi t ion,  t h e  presence of large quant i t ies  of water vapor prevents expansicn 
of flow conditions to Mach n u h e r s  greater thzn 7 because of  x a t e r  condersation 
e f fec ts .  The molecular w e i g h t  of water vapor (18) can reduce t h e  molecular weight 
of t h e  test  gas as w e l l  as alter t h e  chemistry. Based on the  rankings shown i n  
Figure 6-53, it was decided t h a t  t h e  carbon combustor system offered t h e  best com- 
binat ion of fac tors  which would permit r e a l i s t i c  evaluation of engines and s t ruc-  
t u re s  under duplicated flow conditions. Although the  molecular weieht i s  somewhat 
hiyaer  fo r  t h e  carbon system than for some of t h e  o ther  hydrocarbon systems, i t s  
high energy release i n  terns of energy per unit volume means t h a t ,  at  temperatures 
of about 5OOO0R and less, such small amounts of combustion products nee& be mixed 
w i t h  t h e  air t h a t  t he  molecular w e i g h t  i s  close t o  pure air. 
The Cabot Corporation of Boston, Massachusetts will be contacted i n  P h s e  I1 
t o  determine t o  what extent  they can add their  exper t i se  t o  t h i s  concept t o  arrive 
at a viable  concept, as w e l l  as provide better de f in i t i ons  of ac tua l  performance 
capabi l i ty .  
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FIGURE 6-53 IDEAL PRODUCTS OF COMBUSTION FOR WARIOUS FUEL-OXIDIZER 
COMB INATIONS 
Fuel -
Nitric Oxide 
Hydrazine 
Fropane 
Ammonia 
Hydrogen 
MAFP 
Acetylene 
Carbon 
Product 
:4olecular 
Weight 
(28.9 1 
(23.6) 
(26.0) 
(23.0) 
(20.9) 
(31.8) 
(34.6) 
(41.5) 
"In terms of water vapor content 
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FIGURE 6-54 ENGINE FACILITY E9, SCHEMATIC DRAWING AND PERFORMANCE 
Vent --, 
Carbon In -, Bypass Air 
- $+ Air In I 
Baseline 
Heater 
Storage 
Heater 
Graphite washers witR HOIB 2 
Alternate Continuous Neater 
cor 
In. 
, 
PERFORMANCE 
Partiil Expansion Nozzle 
N 0 in for Temp- Boost to 6@R (3330%) r 2  
. -1- 
-* J 
I 
430 
3 .O 
3 s  
4 .O 
4 5  
5.0 
5.5 
6.0 
6.5 
7.0 
7s 
8.0 
8 5  
S w i m  
Teqaature 
1090 ( 605)- 
1350 ( 750) 
1630( 906) 
1900 (1060) 
(1220) 
2600 (1440) 
3000 (1570) 
3400 (1890) 
3800 (2110) 
4200 (2330) 
4650 (2580) 
5100 (ma) 
(9 
PK) 
Engine 
llllass Flow 
(Ibm/sr 
180 (81.6, 
180 (81.6) 
180 (81.6) 
160 (72.6) 
140 (635) 
120 (54.5) 
125 (56.6) 
130 (59.0) 
162 (73.4) 
190 (862) 
203 (S2.Q 
210 (82) 
(W=) 
.*. 
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Number 
Description: 
Engine 
Mass Flow 
'pia) i 1 Ibm 'sec) stagnation Temperature Stagnation Pressure 
2 Capable of d i rec t -cmnect  combustion t e s t i c g  3f CSJ and SJ modules (10 f t  ) .  
A i r  supply i s  heated by 6 Linde a r c  hea te r s  rated a t  100 IN each. Run t i m e  w i l l  
be about 30 minutes. Used pr imar i ly  f o r  i nves t iga t ion  of supersonic combustion. 
75 
10.0 
11.4 
125 
Speci f ica t ions  : 
3000 (2070) 4000 (2220) 153 (69) 
3000 (2070) 7200 (400th 112 (511 
1900 (1240) 9000 60001 56 (25) 
13@ ( 890) 10000 (5500) 45 (20) 
(N 'an2) (OK) (kg s w  
T e s t  Sectiuil: 
Mach Range: 
Alt i tude Range: 
Stagnation Pressure:  
Stagnation Temperature: 
Mass Flow Range: 
Ru: Time: 30 min. 
.84 f't2 ( .077 m2> 
8C t o  160 k f t  (24.3 to 48.7 km) 
7.5 t o  11 .5  (s imulated)  
1300 t o  3000 p s i a  (897 t o  2070 :?/em2) 
4000 t o  10,000'R (2220 t o  555OoK) 
45 t o  153 lbm/sec (20.4 t o  69.3 kg/sec)  
Features  : 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
A i r  compression and ztorage system for 30 min blowdown. 
Steam e j e c t o r  p l an t  for complete a l t i t u d e  dupl ica t ion .  
S ix  N = 7 Linde type  a r c  heaters. 
D.C. power supply. 
Water cooled, 2-dimensional ad jus t ab le  nozzle. 
T e s t  c e l l ,  wi th  i n s e r t s  for dup l i ca t ion  of engine or  vehic le  contours. 
Water coc l ing  system. 
Cryogenic f u e l  s torage ,  d i s t r i b u t i o n ,  and con t ro l  system. 
FIGURE 6-55 ENGINE FACILITY E10, SCHEMATIC DRAWING AND PERFORMANCE 
rtiai Exjansion Nczzle 
TP 8418-592 
MCOQNNHLL ADRCRAFZ 
6-12? 
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A summary Gf t h e  mass flow/Mach number performance chs rac t e r i s t i ca  of t h e  
p;-oposed engine tes t  f a c i l i t i e s  i s  presented i n  Figure 6-56. 
I+. can L e  seen t h a t  a f r ee  je t  requires  la rge  increases i n  m a s s  flow over 
the d i r ec t  connect technique. These two techniques are repr?sented by f a c i l i t i e s  
~6 and E7. 
t ion  of these two f a c i l i t i e s  as separate  tes t  legs  i n  an in tegra ted  f a c i l i t y .  
iacli f a c i l i t y  would share t h e  compressor p l an t ,  exhausters , data acquis i t ion and 
computing f a c i l i t i e s  , f u e l  s torage and d i s t r ibu t ion  systems. For compariscjn t h e  
WCC T-1 and T-2 airbreathing test  c e l l s  are shown. Although a mass flow capa- 
b i l i t y  ol” e00 3b;sec (360 kg/sec) i s  obtainable,  t h e  rnax imum pressure avai lable  
i s  70 p s i  ( 4 8  N/cm2). 
l i m i t e d  t o  temperature duplication bp t o  Mach 3, E6 extends t h i s  capabi l i ty  t o  Mach 
5.5. This region between 3.0 and 5.5 i s  very important t o  the  development of new 
high performance, high supersonic Mach number engine coccepts. 
A very a t t r a c t i v e  a l t e rna te  t o  be examined I n  Phase I1 i s  t h e  combina- - 
E6 provides about twice t h i s  mass flow, and r a the r  than being 
FIGURE 6-56 ENGINE TEST FACILITIES PERFORMANCE SUMMARY 
10000 
5000 
1000 
i 8 500 -c g e  
100 
50 
snt 
No& E8 Mass flow ‘is 
larger than E9 and E10 
because of internal gear 
leakage. Engine mass 
flow is the same. 
I 
--I I
kd (Modified Direct V Connect) 
10 12 I 
5000 
1000 
500 
.- 
8 c 
3 
100 i 1 50 
Mach Number 
MCDONNBLL A 8 R 6 R A m r  
6-120 
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5000 
4000 
f c 
6 
,! 3000 
PK) 
E 
5 
8 2000 
B 
L 
W 
0 .- 
.Id 
- 1000 
Figure 6-57 summarizes the combination of pressures and temperatures 
required tG simulate the HYFAC flight ccrridor for different simulation modes. 
- 10,000 
- 
- 8,000 
- 
- 
6,000 
PR) 
- 
- 
4,000 - 
- 
2,000 - 
- 
0- 0 
FIGURE 6-57 
SUMMARY OF RESERVOIR CONDITIONS FOR DIFFERENT DEGREES 
OF FLIGHT STIMULATION REQUIRED ENGINE DEVELOPMENT 
Mach Number Designation is Indicative of Degree of Inlet Flow Simulation 
M5 Less Th, a One and is  A- Exec--- - Associated with Subsonic M i n i 7  Cool iiig Limits J j 
Combustion Only - A u- 
- 
- 150OJ.5 x 10") _- - - - - -  Subsonic - 
- Mo > 6 
2000 14.6 x io6i 
Direct Connect 
f-/e-- 
Maximum 
Conditions 
- 
_ _ - _  - - - -c - 
- 
----- 500 Btdlbm (1.1 x lo6 Jhg) - 
- 
I I I I I1111 I I 1 1 1 1 1 1 l  I I I I I I I I I  I I 
50 100 (psia) 500 1000 5000 30,000 
I I I I I I I l l  1 
10 50 l O O ( N / C ~ * ,  500 1mo 5000 10,000 
I I I I I I I I  
Isentropic Stagnation Pressue 
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i Test Cell Complex Services 
I Substation 
Steam Ejector 
N2 and O2 Supply 
Gas Turbine Prime Mover 
~ Total Service 
Major Equipment 
1 Heaters 
Gimballed Nozzle 
Total Major Equipment 
Data Acquisition Sys!em 
Instrumentation 
Total Data Acquisition and drumentation 
Grand Total 
6 . 5 , k  
costs  of  the candidate ground tes t  f a c i l i t i e s  are shown i n  tabular form i n  
F i g u r e  6-58. 
ENGIK'F FACILITY COSTS - Estimated i n i t i a l  development costs  and operating 
T'hese f igures  give cost  breakdowns aE w e l l  as t a t a l s .  
The ground rules and methodology used i n  developing these cost  estimates are 
discussed i n  d e t a i l  i n  Section 6.11. 
FIGURE 6-58 COST SUMMARY, ErYGlNE FACILITIES 
Facility Component I 
I 
I $/HOW of Occupancy 
E20 
84,000 
120,000 
12,000 
3,006 
135,000 
6,000 
3,000 
9,000 
3,000 
1,250 
4,250 
232,250 
- .  - 
I!ollars - Thousands 
69,600 
6,000 
6,000 
3,000 
1,250 
4,250 
N3,850 
3,000 
135 ,OC? 
6,000 
3,000 
9,000 
3,000 
1,250 
4,250 
208,250 - 
Operat 
24,000 
14,200 10,000 
35,000 
49,200 
5,000 
5,000 
3,000 
1,250 
4,250 
79,435 
; Costs 
13,000 
12,000 
12,QCO 
3,000 
1,250 
4,250 
53,250 
E10 
60,fioo 
i ,200 
12,000 
3,GOO 
22,200 
6,000 
6,000 
3,000 
1,250 
4,250 
92,450 
-- 
~ ~~~~ 
22,700 I 9,930 I 22,000 1 10,000 I 18,200 I 3,800 1 
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6.6 
The development of a hypersonic airframe t h a t  w i l l  repeatedly survive the 
hyperscnic fl5gF-t environment and yet  remain within reasonable weight l i m i t s  
w i l l  require the use of advanced materials sn? s t ruc tura l  concepts. %me of 
the s t ructural  concepts and materfals w i l l  be takec from exis t ing technology, 
but m a n y  w i l l  evdve  from rescarch conducted t o  solve specif ic  hypersonic vehicle 
technology problems. 
provide a reasonable level  of confideme for  an operational system. I n  order t o  
gain the required confidence t o  cormtit a vehicle aescgn t o  prototype production, 
significant s t ructural  research must be conducted. 
be ver i f ied by repeatedly subject'.lg the s t ructure  t o  f l i g h t  environmental and 
loading conditions i n  s t r u c t u a l  ground research l a c i l i t i e s .  The s c o w  of the 
s t ructural  research i s  indicate.' i n  Figure 6-59. 
Ir: eiti,er case, tine concepts w i l l  not have been proven t o  
The prototype design must then 
6.6.1 CRI lERIA - Fl ight  thermal environments , vehicle maneuvers , a e r o d y n r c  loading, 
and vehicle sfiape are the primary factors  that  d ic ta te  material and s t ruc tu ra l  con- 
cept selection. Significant differences exist between tilo s t ruc tura l  concept reqvired 
for  a hypersofiic vehicle and a re-entr:: shut t le .  These s t ruc tura l  differences w i l l  
require different st.7-uc+,ural test f a c i l i t i e s  for  th-. s k i t t l e  and hypersonic vehicle. 
The shut-Lle w i l l  f l y  a high angle of attack re-entry t ra jec tory  that results i n  high 
l i f t  and b a g  which k c r e 2 - s ~  the a l t i tude  at which deceleration occurs. 
t u rn  shortens the  duratiar, cf t h e  heat pulse on the vehicle. 
ettacf.. flight t ra jec tc  
edges 'GO significant hC.LbArlg, many areas of the s t ructure  will not require 2xcensive 
therrcal prctection. 
shut t le  structure w i l l  be subject:d t o  much lower dynamic pressure and wing loadings 
than ~ ' 1 1 b e  experienced by a typical  hy2ersonic vehicle. The max imum dynamic pres- 
sure experienced b, a hypersonic vehicle coulci exceed 2250 psf (107,700 N/m2) % where 
a typical. shut t le  t ra jectory w i l l  only preduce a maiimum dynamic load of 50 psf 
(2390 Nimz). Tne maximum leading ?&ge temperature for  the shut-i;l 
be less then 2200'F (12;5OC), where leading edge temperature fo r  the hypersonic 
t re ;xtory w i l l  exceed 30OO0F. (1650OC). 
This i n  
Since high angle of 
expuse only the lower body and wing surfaces and leading 
Due t o  the iligh altitude-high angle of a t tack t raJectory,  the 
s expected t o  
Figure 6 - 6 ~  indicates that a Yach I 2  aircraft flying a high aerodynamic 
heating, high dynamic loading f l i g h t  t ra jectory may use substant ia l  quaritities of 
r e f r a c t x y  a d  superalloy zaterials ic i ts  s t ructure .  Thus it is necesswy t o  
provide test ,apability which w i l l  properly simulate the design environments . 
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FIGURE 6-59 SCOPE OF NOWFLOW GROUND TESTING 
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To provide the  most beneficial  and cost  efcect ive s t ruc tura l  ground test  
f a c i l i t i e s ,  c r i t i c a l  eavironmental and loading conditions must be applied 
t o  represent test specimens. The cost of the f a c i l i t y  is governed by t h e  
number of environmer,ts simulated and the s i z e  of the test  a r t i c l e s .  
f a c i l i t i e s  w e r e  chosen such that  they could apply f l i g h t  environments t o  test 
specimens as large as full-scale operational vehicles. 
The poposed 
The sizes  o f t h e  test specimens w e r e  selected t o  range from the e n t i r e  f u l l -  
scale  airframes t o  a small coupon test specimen. 
s t ruc tura l  elemen+.s of a typ ica l  hypersonic vehicle,  while Figure 6-62 depicts t h e  
types of test a r t i c l e s  that  may be considered. neir s izes  w e r e  determined by 
surveying several  mil i tary and commercial operational hypersonic vehicles and selec- 
t i ng  the  largest  dimension or most severe environmental parameter. 
values or c r i t i c a l  parameters f o r  ful l -scale ,  major section, component, and coupon- 
sized test  a r t i c l e s  are shown i n  Figure 6-63. 
test a r t i c l e s  are shown i n  Figure 6-61. 
Figure 6-61 shows the representative 
These maximum 
The relative s i ze  of t h e  d i f f e ren t  
6.6.2 
t h a t  an operational hypersonic vehicle, o r  any s t ruc tura l  component o r  system of 
it, might experience, nine s t ruc tura l  research f a c i l i t i e s  (designated S-1 through 
S-9) were i n i t i a l l y  proposed. 
the s t ruc tura l  f a c i l i t i e s  are thermal, mechanical, a l t i tude ,  and acoustic. 
addition, it may be necessary t o  test the vehicle simultaneously under a combina- 
t i on  of environments. Ehvironments that w i l l  be simulated i n  the s t ruc tu ra l  
f a c i l i t y  an? the  largest test a r t i c l e  the f a c i l i t y  can test  are shown i n  Figure 
6-64. 
ANALYSIS - To fu l ly  simulate a l l  f l i g h t  and ground environmental conditions 
The four primary erxironments t o  be simulated i n  
In  
The values fo r  the thermal, mechanical, and a l t i t ude  environments depend 
For the synthesis of all s t ruc tura l  ground re- 
primarily on the f l i gh t  t ra jectory,  angle of a t tack,  veloci ty ,  and the  maneuvers 
the a i r c ra f t  w i l l  experience. 
search f a c i l i t i e s ,  only the maximum value environments w e r e  considered. 
maximum can be achieved, lesser environments can also be simulated. 
If the 
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FIGURE 6-61 REPRESENTATIVE STRUCTURAL ELEMENT OF A HYPERSONIC AIRCRAF r 
Component 
e 325' 
(S.5 m) 
Coupon 
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FIGURE 6-62 TEST ARTICLE SIZE 
or 
1 125' 
I 
ResegrcR Vehicle - I 70' (21.3 m) 1 
(6.1 m) 
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FIGURE 6-63 BASE LINE TEST ARTICLE DEFINITIONS 
Article Designation 
Characteristic Length - ft (m) 
width - ft (m) 
Height - fl (m) 
Volume x 10-8- cu ft (m3) 
wei*? x 10-3 sq R ($1 
W e d  kea x 
Weight x lo3 IW (N) 
Test %dace Load - psf @/m2) 
himum b u s t i c  L ~ I  - (hl/rm2) 
Peak Upper Slarface Temperature - OF (OC) 
peak Lower Surface Temperature - 9 (%) 
MaKimum Altitude - kft (km) 
Fuel Flow gpm (m3/sec) 
sq R (2) 
FU~I VOIUW x 10-3 CU ft (d) 
~~~ _ _  
Full Scale 
Vehicle 
326 (99) 
124 (38) 
90 (n) 
WO (4.25) 
16 (1.500) 
41 (3.80) 
1025 (4600) 
2500 (l20,ooO) 
170 (6300) 
1600 (870) 
2500 (1440) 
150 (46) 
77 (0-220) 
60,000 (3.78) 
Major 
section 
70 (21) 
79 (21) 
30 (10) 
100 (2.830) 
5 (0.470) 
15 (1.4) 
500 (2220) 
2500 (120,000) 
170 (6300) 
1600 (870) 
2500 (1440) 
150 (46) 
n (0.2~0) 
60,000 (3.78) 
Structural 
Component 
~ 
20 (6.1) 
20 (6.1) 
20 (6.1) 
7 (0.20) 
0.4 (0.037) 
2 5  (0.23) 
50 (222) 
2500 (120,000) 
170 (6300) 
1600 (870) 
2500 (1440) 
1 9  (46) 
3 (0.086) 
2100 (0.113) 
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FIGURE 6-64 STRUCTURAL FACILITY MATRIX DEFINITION 
Mechanical = Static and/or Dynamic Loads 
Largest Test Article = FSV = Full Scale Vehicle 
MS = Major Section 
C = Component 
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The s t a t i c  mechanical loads needed t o  v e r i f y  t h e  s t r u c t u r a l  airframe dept>n:i 
a r imar i ly  c n  t h e  dynamic: pressure ,  wing loading,  and i n e r t i a l  loads productd 
by f l i g h t  maneuvers. 
e s t ab l i shed  t o  be 2250 psf  (107,000 F/m2) and 250 psf  (11,900 N / m 2 ) ,  r e spec t ive ly ,  
based on the  f l i g h t  boundaries descr ibed i n  Figure 6-4. 
were e s t ab l i shed  by assuming a veh ic l e  weight of 1,025,000 l b  (4,600,OOQ 1:) and a 
maneuver load f a c t o r  of 5.5 g ' s .  
mechanical and acous t i ca l  v ib ra t ion .  The maximum mechanical v ib ra t ion  forces  t h a t  
m x t  be appl ied t o  t h e  airframe were assumed t o  be t h e  weight of  t h e  a i r c r a f t  
(1,025,000 ib) times a Acoustic noise  Ir-Lvels up 
t o  170 dB r e s u l t i n g  f r u  flow noise  and engine turbulence are expected t o  impinge 
on t h e  airframe struct-are .  
Maximum values  of  dyr.amic pressure  and wing loading were 
Maximum i n e r t i a  lc*i[ls 
Dynamic loading w i l l  r equ i r e  s imulat ing both 
maximum acce le ra t ion  of 5.5 g ' s .  
The t b s r m a l  environment experienced by t h e  e x t e r n a l  sur face  depends on Kach 
number, a l t i t u d e ,  angle of a t t a c k ,  and loca t ion  on t h e  airframe. The most severe 
thermal environment occurs a t  t h e  nose cap, along t h e  lead ing  edges, and at e n i i  rle 
e r i e n c i d  by these  c r i t i c a l  areas was 3 c ; s i ~ ~ m l  tui n l e t s .  The maximum heat  fl 
be 500 Btu/ftZ-sec (5.6 x 1 0  
3500'F (1950'C). 
assumed t o  be 20 btu/f t2-sec (2.3 x l o 5  W/m2) and 2230'F (1215'C), respect, ivelv.  
iY e?! W/m ) and the  maximum temFerature w a s  determined t o  t.: 
The average heat  f lux and temperature over t h e  e n t i r e  veh ic l e  xere 
The a l t i t u d e  parameter chosen w a s  t h e  maximum expected a l t i t u d e  t h e  oper'l 
t i o n a l  vehic le  would fly or 150,000 f t  (46 km). 
a l t i t u d e  s imulator  f a c i l i t y  must dupl ica te  t h e  rate of climb as w e l l  as t h e  
m a x i m u m  a l t i t u d e  requirement. 
I t  w a s  a l so  assumed t h a t  t h e  
In  ad4 i t ion  t o  t h e  simulated environments, t he  s i z e  of  t h e  tes t  a r t i c l e  must 
a l s o  be considered. The s i z e  of t h e  tes t  ar t ic le  d i c t a t e s  t h e  s i z e  of t h e  t e s t  
f a c i l i t y  and t h e  quantj-ty of tes t  equipmen+, required.  
a r t i c l e  is  t h e  smallest s i zed  test specimen %nat  y i e l d s  t h e  desired test  data with 
tne  required l e v e l s  c o  confidence. I n  Phase I ,  it w a s  assumed t h a t  the f u l l - s c a l e  
s t r u c t u r a l  airframe would be requi red  t o  provide adequate tes t  data t G  ve r i fy  the  
st.r1i2t7srixl and thermal design. Smaller test  a r t i c l e s  m.zy be used where t h e  e f f e c t s  
of thermal and s t r u c t u r a l  i n t e r a c t i o n s  are not c r  i c a l  t o  accomplish +.he tes t .  
The most cos t  er'i 'ectivc t e s t  
6.6.3 FACILITY DESCRIPTION AND COSTS - The nine candidate s t r u c t u r a i  research 
f a c i l i t i e s  ( S  1 through S 9 ) were designed t o  s t r u c t u r a l l y  tes t  specimens mrough- 
out t h e  f u l l  range of environment and load experienced by an operat ioi ia l  v e h i c l e .  
These s t r u c t u r a l  f a c i l i t i e s  were def ined from pas t  ad>ancrd vehic le  programs, 
c r i t i c a l  ope ra t iona l  environments, and regula tory  agency specificat!-ons (MIL 
Spec i f ica t ions  o r  FAA). A l l  poss ib l e  f a c i l i t i e s  were included i n  t h e  ,rollping 
se l ec t ed .  It  w a s  r e a l i z e d  t h a t  some c f  t h e s e  f a c i l i t i e s  w i l l  be more capable 
of performing t h e  required t e s t i n g  than o t h e r s ,  bu t  i n  order  t o  provide a com- 
prehensive range of f a c i l i t i e s  t o  eva lua te ,  t h e s e  f a c i l i t i e s  were included i n  
Phase 1. 
study because a l l  cf i t s  ob jec t ives  could \e accomplished i n  o the r  f a ? i l l t i c s .  
The S 8 F a c i l i t y  (Transparency Test F a c i l i t y )  was e1iniinatr.d f r .  )in ! ' , a 8 - -  '1.21" 
The bui lding envelope, and tes t  equipment f o r  a l l  t h e  
s t r u c t u r a l  t e s t  f a c i l i t i e s  and t h e i r  assoc ia ted  acqu i s i t i on  c o s t s  are diAL;\: t*it  +*i i n  
%'Jre 6-65 a-i .  and se rv ice  requirements of t h e  3 t ruc tu ra . l  
f a c i l i t i e s  are summarized i n  Figure t -66.  The f a c i l i t y  c o s t s  presented i r I  ~ i l p ~ A i ' ~  
6-65 were determined using t h e  cos t  methodology descr ibed i n  Sec t ian  6.11. 
The primary u t i l i t  
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F a c i l i t y  acquis i t ion  and operatinp cos ts  are yiescnted i n  Figures 6-67 and 6-68, 
respectively.  F a c i l i t y  cos ts  are compared i n  Figures 6-69 through 5-71, t o  show 
the r e l a t i o n  of tes t  a r tLc le  s ize  and envirmmental simulation cai3ability t o  
acquis i t ion costs .  From these comparisons, it can be concluded tha t  fn r t i l i t y  
acquis i t ion costs  increase exponentially with test a r t i c l e  s i z e  and t h a t  thermal and 
a l t i t u d e  environments are t h e  most expensive t.0 simulate. 
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$1 AIRFRAME STATIC RESEARCH FACILITY 
Facility Purpose: 
This facility demonstrates the ultimate sty-ength and structural adeqwcy of 
the complete full-scale airframe when subjected to statically applied design loads. 
It was assumed that the entire structural airframe must be tested as a unit in 
order to detect and account for unknown or unpredictable structural interactions. 
Tests must be performed under simultaneous applications of mechanical loads ana 
elevated temperatures since the temperature effects on material .properties and 
thermal-structurzl interactions cannot be compensated for by increasjng the stati.2 
load due to the structure sTze and temperatu-*e range. 
Features : 
(a) Programmed load application. 
(b) Computer monitored data output to present on-line structural limitations 
(e) Addition at future date of atmosphere with oxygen concentretion consistent 
with flight for high temperature coated refractory metal structures. 
(d) Cryogenic and storable fuel flow. 
( e )  Refrigeration capability to provide low sti-uctural tem2eratures. 
FIGURE 6-65a FACILITY DESChPTION AND COSTS - S1 
.- ITEM 
Building Envelope 67,500 ft2 (6260 m2) plan 
Site Preparation 
Footings and Foundations 
Floors 
Structur,al Floor 3 ft ( 0 . 9  m)-thick steel 
reinforced concrete CII Fed rock 20 ft 
(6.1 m) Deep Excavatich 
iteral 8WF35 beam tie-downs on 25 ft 
i ’ r . 6  m) ctrs. imbedded ir, structural 
floor 
Shop &.  A office area 52,000 f t 2  
(4,840 m2) 
Steel Framing Material and Erection 
Walls and Roofs 
Access Doors 
? lterior Walls 
‘at;izxtion 
UNIT 
COST 
EXTENDED 
COST 
TOTAL 
COST 
17,300 
24,132 
503,500 
8,000 
38,000 
854,500 
935,900 
133,675 
96,500 
9 ,oou 
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FIGURE 6 4 5 b  FACILITY DESCRIPTION A I D  COSTS - SZA (CONTINUED) 
Acoustic Shroud 
In t e r io r  W a l l s  
Ventilation 
Heating 
Utilities (FJec t r ic ik j ,  Gas, Water) 
Subtotal 
Cmtingency 10% 
Subtotal  
Architectural  aad Engineering Fees 6% 
Management and Construction Coordination 
Fees 4% 
Total Building Envelope 
Potal Building Envelope Adjusted t o  1970 $'s 
Services 
fir supply System ~,OOO,OOO s c m  8 60 psig 
(28,300 m3/min @ 41 N/c& 
Substation 1,400,000 kVA 
Fefrigeration System 
Water supply 10,300 ym 8 80'~ 
(37.8 m /rain @ 30'C) 
30,000 gpm 8 80°F 
(113 m3/min 8 30'C) 
Cryogenics 748,000 ga l  (2,730 m 3 )  
U 2  Storape 
60,000 gpm (-30 &mid 
LH2 Flow 
S-. au Ejector 1,000,000 scfh (5,700 m3/mhn) 
Tot& Services 
- 
UNIT TOTAL 
13.50/scfkn ' (480/scmm) 
400,000 1 
96,500 1 
6,000 
5c3,OOO 
115,000 ; 
I 
i 
t 
! 
447,000 I 
h,921,988 i 
295,000 
4,474,988 
! 
I 
1 
! 
I 
i 
196,000 I 
5,412,98e t 
5,700,000 ' 
1 
I 
i 
1 
13,500,000 , 
t I 
35,000,000 
I 
I 
31,8OG,900 i 
20a,000 i 
i 
60S,OOO I 
7 , b80,ooo 
4,200,000 
120,000,000 
212,780,000 
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FIGURE 6-65a FACILITY DESCRIPTION AND COSTS - SI (CONTINUED) 
ITEN 
k a k e s  
Shears 
Sub Total Strgtt Fat Area 
General Purpose Laboratory Squipment 
S t ruc tura l  Test Fixture 
Hydraulic Power S u ~ p l y  (50  Units) 
"hemal Environment Control System 
(Igni t rons)  - 100 NW 450 Channels @ 250 
kW/Channel 
Iieaters (Quartz Lamp Banks! 
Data Acquisition System 15,000 Channels 
Load Applica+.ion Control System 
(500 Channels) 
Load Cylinders (750 Units) 
Load Cells (1,000 Units) 
Thermocouples (4,lCO U n i t s )  
S t r a in  Gages (4,100 Uni t s )  
Deflection Transducers (4,000 U n i t s )  
Pressure Transducers (100 U n i t s )  
T e s t  Control Complex 
Total Test Equipaent 
GrarAd Total  S te t ic  T e s t  - Full-Scale 
Thermal Structure  
UNIT 
COST 
15,003 
5,OOO/c hannel 
3 ,OiX/channel 
EXTEIlDED 
COST 
20,330 
20,030 
TOT/>! 
CGZT 
90,000 
1,610,000 
1 ,h47,93  > 
750 ,ooc 
2,250,000 
2, ,060,000 
1,5OO,OOO 
444,000 
1,000,000 
1,025,000 
1,025,000 
1,000,003 
25,000 
3,000,000 
?!I ,226,000 - 
54,166,000 
NOTE: Unless otherwise adjusted,  a i l  cos ts  are i n  1970 do l l a r s .  
S O ~ C E S :  (a) Richardson Engineering Service Manual of Commercial-Induztrial 
Estimating and Engineering Standards 
(b) Mean's Average 1968 Ccnstruction Cost and Labor Index Hi s to r i ca l  
Average Adjusted t o  a 1970 Base Year 
(c j McDonnell-Douglas Corporation Engineering Budget History and 
Equipment Inventory 
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- ITEM 
Building Envelope 67,500 fi2 (6,250 m2) plan 
S i t e  Preparation 
Footings and Foundations 
Floors 
Structural  Floor 3 ft (0.9 m)-thick steel 
reinforced concrete on bed rock 20 f t  
(6.1 m) deep excavation 
k t e r d  8WF35 beam tie-downs on 25 ft (7.6 m )  
ctrs imbedded i n  s t ructural  floor 
Shop and off ice  area 52,000 f't2 (4,820 m') 
6 inch (15 cm) slab on grade 
S2 O W Y l C  STRuCTuRaL EVALUATION FACILITY 
Facili ty Purpose: 
This f a c i l i t y  establishes thermal, s t ructural  dynamic , and acoustic response 
of t h e  complete airframe or major airframe section thermal-structural systems. 
It also demonstrates vehicle design-life attainment through s t ructural  integri ty  
throughout a l i f e  spectrum program of applied thermal, mechanical, and pressure 
loadings. 
inducea stress levels i n  conjunction w i t h  applied mechanical and pressure loads. 
Stat ical ly  applied mezhanical loads, elevated temperature, cryogenic Que1 flow, 
acoustical environment simulation, dt itude , and mechanical vibration environments 
can be simulated on a re%l-time basis. 
A nearly real-time thermal program must be applied t o  obtain thermally 
Features : 
(a) Complete trajectory simulation of environment . 
(b) Computer controlled, preprogrannned f l i g h t  prof i le ,  failure monitoring. 
(c )  Includes cooldown during post cruise descent. 
(d) S i t e  compatible with occurrence of maor  tank ruptcre. 
(e) Conventional and cryogenic fie1 storage, distribution and control system. 
FIGURE 6-65b FACILITY DESCRIPT1QPI AND COSTS - SZA 
UNIT 
COST 
E3cTExDm 
COST 
150,000 
100,000 
200,000 
25,000 
600,000 
TOTAL 
COST 
i 
503,000 
I 
8,000 1 
38,000 
2,154,000 
i 
I 
! 
1,0'75,ooo 1 
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FIGURE H S b  FACILITY DESCRIPTION AND COSTS - SZA (CONTINUED) 
Acoustic Shroud 
Inter ior  W a l l s  
Ventilation 
Heating 
Utilities (FJectriciVj , Gas , Water) 
Subtotal 
Ccntingency 10% 
Subtotal 
Architectural and Engineering Fees 6% 
Management and Construction Coordination 
Fees 45 
Total Fhilding kvelope 
‘otal  Building Envelope Adjusted t o  1970 $‘s 
#emices 
Air supply System ~ , O O O , O O O  S C ~  @ 60 psig 
(28,300 m3/min @ 4 1  N / c d )  13.50/scf’m 
(48o/scmm) 
Substation 1,400,000 kVA 
Fef’rigeration System 
Water Supply 10,300 m 8 80°F 
(37.8 mqmin 8 3OoC) 
30,000 g p m  8 80°F 
(113 m3/min 8 3OoC) 
Cryogenics 748,000 gal (2,730 m 3 )  
LE2 Storage 
60,000 g p m  (-jo m3/min) 
LH2 Flow 
S.. au Ejector 1,000,000 scftn (5,700 m3/min) 
Total Services 
(5300/m ‘OlY mini ’
400,000 i 
96,500 ! 
6,000 i 
5C,OOO 
115,000 1 i
4,474,988 ! 
i 
4h7,OOO t ! 
4,921,988 i I 
I 
! 
295,000 I 
196,000 
5,412,98t 
5,709,000 
13,500,000 
35,000,000 
31,8OO,OOO 
200,000 
60s ,000 
120,000,000 
212,780,000 
i 
7,480,000 1 
4,200,000 f 
1 
t 
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FIGURE 6-65b FACILITY DESCRIPTION AND COSTS - S2A (CONTINUED) 
ITEM 
Equipment 
General Purpose Laboratory Quipment 
Structural Test Fixture 
Hydraulic Power Supply (50 Units) 
Thermal Ebvironment Control System 
(Ignitrons) - 1,400 MV 3,000 Channels 
8 500 kW/Channel 
Heaters (Quartz Lamp Banks) 
40 Btu/ff2/sec over 16,000 f't2 
(k5,bOO U/m2 over 1,490 m2) 
10 Btu/ftz/sec over 20,000 fi2 
(11,340 W/m2 over 1,860 m2) 
120 Btu/ft2/sec over 4,000 Pt2 
(1,360,006 W/m2 over 370 m2) 
Data Acquisition System - 17,600 CheunelS 
Load Applicction Control System 
(500 Chazmels) 
Load Cylinders (756 Units) 
A s o w t i c  Generator - 165 dB in 3,000 ft2 
(276 m2;?lane Wave Tube (Three Hundred 
30,300 Acoustic Watt Generators) 
Mechanical Exciter System 30,ilOO lb 
(133,000 N) Shaker (100 Units) 
Strain Gages (5,000 Units) 
Thermocouples (4,000 Units 1 
Fatigue Gages (5,000 Units) 
Accelerometerc ( 500 Units j 
Microphonee ! 500 Units) 
Pressure Transducers (100 Units) 
UNIT 
COST 
15,000 
5 ,OOO/channel 
1 , 500/ft2 
1,00O/channel 
( 16 ,oo o/$ ) 
590 
1, 000 
15,000 
210,000 
MTENDED 
COST 
TOTAL 
COST 
1,610 ,GGQ 
gol,ooo 
750 ,OOC 
15,000,000 
9,60G ,000 
4,000,000 
6,000,ooo 
17,000,000 
1 , 500,000 
444,000 
l,OOO,OGO 
4,500,000 
21,000,000 
1,250,000 
1,000,000 
1,250,000 
250,000 
250,000 
25,000 
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LTUT 
ITEM COST 
Deflection Transducers (500 U n i t s )  250 
T e s t  Control Complex 
St ruc tura l  Fabrication Area 
FIGURE 6 6 5 b  FACILITY DESCRIPTION AND COSTS - SZA (CONTINUED) 
COLT 
I i 
125,C.N I 1 
3,000 ,%A 
Welders 
Cutting Equipment 
Brakes 
Shears 
Subtotal  S t ruc t  Fab Area 
I 
Total  T e s t  Equipment 
Grand Total  Dynamic S t ruc tu ra l  Evaluation 
FIGURE 6-65~ FACILITY DESCRIPTION AND COSTS -- S2B 
i ITEM COST 1 COST I COST 
LXIT ZXTDJDED 'I'OTAT, 
f 20,000, 1 
I 
3C ,0001 i 
20,000. 
1 
i I  90,545,000 
Building Envelope 20,000 f t 2  (1,850 m2) plan i 
i 
I 
S i t e  Freparation 
Footings and Foundatims 
Floors 
S t ruc tu ra l  Floor 3 f t  (0 .9  m)-thick steel  
I 
t 
Faci li t y  Full-scale 
reinforced concrete on bed rock 20 f t  
(6.1 m) deep excavation 
i 
309,02',,Or)O 
Lateral 8WF35 beam tie-dcwns on 25 f t  (7.6 m 
c t r s .  iinzedded i n  s t r u c t u r a l  f l o o r  
Shop and o f f i c e  area 6 inch (15 cm) s l ab  on 
made 
Steel  Framing (Materials and Erection) 
Chamber - 12-Gage S t e e l  i n  place 
Welding 
Door and Track 
Paintinq 
Insu la t ing  
Subtotal  Chamber 
I 
7,000 ; 
9,900 ' L 
I 
I 
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FIGURE 6 - 6 5 ~  FACILITY DESCRIPTION ANQ COSTS - S2B (CONTINUED) 
Acoustic Shroud 
Interior Walls 
Ventilation 
Heating 
Utilities (Electricity , Gas, Water) 
TEST 
Subtotal 
Contingency 10% 
Subtotal 
Architectural and Engineering Fees 6% 
Management and Construction Coordination 
Fees 4% 
Total Building Envelope 
1otal Building Envelope AdJusted to 1970 $'s 
;emices 
A i r  Supply System 700,000 ~cfha @ 60 psig 
(19,890 m3/min 8 41.4 N/c&) 
Substation 325,000 kVA 
Refrigeration System 
Water Supply 10,000 y m  @ 80°F 
(37.8 m /min @ 30°C) 
6,000 g ~ m  8 8 0 ° ~  
(23 m3/min 8 3OoC) 
Cryogenics 748,000 g d  (2,730 m3) 
LH2 Storage 
60,000 g p  (230 m3/min) 
182 Flow 
Steam Ejectm 200,000 scf'm (5,700 m3/min) 
T o t d  Services 
UNIT 
120/scfm 
(425Oiscm) 
EXmNDm 
COST 
TOTAL 
COST 
100,000 
25,000 
1,500 
12,500 
28 ,900 
1,1233550 
112,000 
1,235,550 
74,80G 
49,800 
1,360,150 
1,450,000 
9,450,000 
7,kOO,OOO 
8975OsOOO 
200,000 
120,000 
7.48a,ooo 
4,200,300 
24,000,000 
61,60o,or30 
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FIGURE 6-65~ FACILITY DESCRIPTION AND COSTS - S2B (CONTINUED) 
ITEM 
I 
i 
! 
8 
I 
i 
i 
i 
I 
! 
I 
i 
I 
i 
i 
I 
! 
I 
i 
i I 
i 
i 
i 
i 
I 
i 
Equipment 
General Purpose Laboratory Nuipment 
S t ruc tura l  Test F h t u r e  
Hydraulic Fower Supply ( 30 Units ) 
"hermil Environment Control System 
(i;;nitrons) - 520 W 1,100 Channels 
@ 500 kW/Channel 
Heaters (Quartz Lamp Banks) 
40 Btu/ft2/sec over 5,000 ft2 
(45b,OOO 'vl/m2 over 470 m2) 
10 Btu/ft2/sec over 10.OGu f't2 
(113,400 W/m2 over 929 I E ~ )  
Data AcqLisition System - 7,800 Channels 
Load Application Control System 
(200 Channels) 
Load Cylinders (300 Units) 
Load Cells (400 Units) 
Acoustic Generator - 165 dB i n  2,000 ft2 
(1,850 m2) P l w e  Wave Tube (Two Hundred 
30,000 Acoustic Watt Generators) 
Mechanical Exciter System 30,000 lb 
(133,000 N) Shaker (60 Units) 
S t r a in  Gages (1,700 Uni t s )  
Thermocouples (1,500 Units  1 
Fatigue Gages (3,OGP 'hits) 
Accelerometers (150 Units ) 
Microphones (150 Units) 
Pressure Transducers (100 Units) 
Deflection Transducers (150 U n i t s )  
Tes-5 Control Complex 
UNIT 
COST 
15,000 
5 ,OOO/channel 
600/ft2 
(6450 /m2 1 
200/ft2 
(2150/m2) 
1 ,OOO/channel 
3,00C/channel 
590 
1,000 
15,000 
EXTENDiii- 
COST 
TOTAL 
COST 
400,000 
450,000 
91,161 
5 500,000 
3,000,000 
2,000,000 
7,800,000 
600,000 
177,000 
400,000 
3,000,000 
1~,600,000 
425,000 
3'( 5 ,000 
7 30 ,G30 
75 ,ouo 
75,000 
25,000 
37 , 500 
750,000 
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ITEM 
FIGURE 6 - 6 5 ~  FACILITY DESCRIPTION AND COSTS - S2B (CONTINUED) 
UNIT 
S t ruc tu ra l  Fabrication Area 
Weiders 
Cutting Equipment 
Brakes 
Shears 
Subtotal  S t ruc t  Area 
! 
Total  T e s t  Equipment 
Grand Total  Dynamic Strmctural Evaluation 
F a c i l i t y  Component 
EXTEIDEDI TOTAL 
COST 1 COST 
20 , 000 
20,000 
~ 0 , 0 0 0  
30,000 
90,000 
38,620,661 
101,670,661 
NOTE : Unless otherwise adjusted,  all costs are i n  1970 do l l a r s .  
SOURCE: (a )  Richardson Engineering Service Manual of Commercial-Industrial 
Estimating and Engineering Standards 
(bj Mean's Average 1968 Construction Cost arid Labor Index His tor ica l  
Average Adjusted t o  a 1970 Base Year 
( c )  McDonnel1-Douglas Cor2eration Engineering Budget History and 
Equipment Inventory 
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ITEX 
S3 THERMAL/MECHANICAL FATIGUE FACILITY 
1 UNIT 
COST 
F a c i l i t y  Purpose: 
This f a c i l i t y  establishes t h e  thermal-stiwctmal design-life adequacy of s t ruc-  
tural  ccqonents  by applying cyc l ic  mechanical loads i n  conjunction w i t h  thermal 
cycling t o  induce thermal stresses superimposed upon mechvaically generated stresses 
for nearest  approximation of the component f l i g h t  environmem+s. 
Features : 
(a) Coaputer programmed load spectrums , theAmal and mechanical. 
(b )  Addition of envirmmental chamber i n  growth version t o  enSur2 cor rec t  
oxygen concentration a t  a l t i t u d e  f o r  coated retractors, metals, and 
composites at high temperatures. 
(c) Storable and c-yogenic fuels. 
( d l  Cooldown capab i l i t y  t o  dupl icate  rapid cooling during post c ru i se  
descent. 
Building Envelope 20,000 fi2 (1,850 m2) plan 
S i t e  Preparation 
Footings and Foundations 
Floors 
St ruc tu ra l  Floor 3 f t  (0.9 m)-thick steel 
yeinforced conci-ete on bed rock 20 f t  
(6.3 m) deeF excavation 
Lateral 8wF beam tie-downs on 25 f t  (7.3 m) 
c t r s .  imbedded i n  s t r u c t u r a l  f l o o r  
Shop and of f ice  area 6 inch (15 cm)-slab 
f l o w  
S t e e l  Framing (Material &d Erection) 
Walls and HoDfs (Material mad Fzection) 
I n t e r i o r  Walls 
Comfort Conditioning 
Vent i la t ion 
Heating 
Ut i l i t i es  ( E l e c t r i c i t y ,  Gas , Water) 
I Subt a t  al 
'4 
c 1 - s3 
MTENDED 
COST 
TOTAL : 
COST - 
i 
126,000 1 
2,000 
13,000 
111,680 
201,600 
3,000 
10,000 
2,400 
24,000 
62,000 
571,580 
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FIGURE 6-65d FACILITY DESCRIPTION AND COSTS - S3 (CONTINUED) 
ITEM 
Contingency 10% 
Subt o t  a1 
Archi tec tura l  and Engineerj ng Fees 6% 
Management and C* n s t ruc t ion  Coordination 
Fees 45 
Total Building Envelope 
’otal  Building Envelope Adjusted t o  1970 $ ‘s  
k r v i c e s  
A i r  Supply System 3,000 scf’m 8 120 p s i s  
(85 m%in @ 82.6 N/cm2) 
Substat ion 50,000 kVA 
Fiefrigeration System 
Water Supply 2,000 g m 6) 8 0 O ~  
(2,400 m s /min @! 3OoC) 
Cryogenics 600,000 g a l  (2,270 m 3 )  
LH2 Storage 
10,000 g p m  (37.? m3/min) 
LH2 Flow 
Tota l  Services  
Equipmznt 
General F’urpose Laboratory EqLiiprnent 
S t r u c t u r a l  Test F ix ture  
Hydraulic Power Supply ( 4  Units)  
Thermal Environment Control System 
( I g n i t r o n s )  
75 Ciimnels @ 500 kVA 
190 Channels @ 2:!3 kVA 
UNIT 
COST 
13.50/scf’m 
( 480 /s cmm) 
15,000 
5,00O/channei 
5,09C/chaunel 
EXTENDED 
COST - 
40,500 
800,000 
1,14O,900 
1 
40,000 I 
I 
6 ,coo ,000 
’ 0 0 ,  GOO 
‘ 0 , 5 O O  
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FIGURE &65d FACILITY DESCRIPTION AND COSTS - S3 (CONTINIIED) 
ITEN 
Heaters 
350 Btu/ft*/sec over 100 ft2 
(4,000,000 W/m2 over 13 m2) 
70 Btu/ft2/sec over 100 f't2 
(795,000 W/m2 over 10 m2) 
8 Btu/ft2/sec over 1,0 0 f t 2  
(9,JOO w/m2 over 100 m ) 8 
Data Acquisition System - 4,000 Channels 
Load Application Control System 
(30 Channels) 
Load Cylinders (40 Units)  
Load Cells (80 Units)  
Thermocouples (1,000 Uni ts )  
S t r a i n  Gages ( 1 , O O ~  Uni ts )  
Fatigue Gages (1,500 Ur-its) 
Deflection Transducers (300 Units)  
Pressure Transducers (50 Units)  
T e s t  Control Complex 
S t r u c t u r a l  Fabricat ion Area 
Welders 
Cutting Equipment 
Brakes 
Shews 
Subtotal  S t ruc t  Fab Area 
T o t d  Tesf; Equipineat 
;rand Total  Themal/Mechariicsl Fatigue Test 
' a c i l i t y  ( ~ 3 )  
UNIT 
COST 
1 ,TOO/ft2 
(16,000 /E* ) 
175/ft2 
( 1880 /m* ; 
1 ,OOO/channe; 
S,COO/channel 
590 
1,GOO 
250 
250 
250 
250 
250 
MTENDEX 
COST 
20,000 
30,000 
20,000 
20,000 
TOTAL 
COST 
150,000 
95,000 
4,300,000 
90,000 
23 9 500 
80,000 
250,000 
250,000 
375 , 000 
75,003 
12,500 
750 ,(-w 
go ,000 
7,859,525 - 
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FIGURE 6 4 S d  FACILITY DESCRIPTION AND COSTS - S3 (CONTINUED) 
NOTE: Unless otherwise adjusted, a l l  c a t s  are i n  1970 dollars. 
SOURCE: (a) Ricnardson Engineering Service Panual of Commercial-Industrial 
Xngineering Standards 
(b) Mean's Average 1968 Cons3ruction Ccst an6 Labor Index Xistorical 
Average Adjusted t o  a 197C Base Y e a r  
( c )  Mcbnnell Douglas Corporation Exigineering Budget History a d  
Equipment Inventory 
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ITEM 
S4 AIRFRAME ACOUSTIC TEST FACILITY 
UNIT m m m  
COST 1 COST 
F a c i l i t y  Purpose: 
213,000 
"his faci l i ty  establishes the response and endurance of the  e n t i r e  full-scale 
airframe i n  the  high level acoust ic  environments associated with hypersonic f l i g h t .  
It w i l l  also p r w i d e  overa l l  evaluation of acoustic transmission of personnel ?nclo- 
sure and establish ambient personnel acoust ic  environments. 
FIGURE 6 4 %  FACILITY DESCRIPTION AND COSTS - S4 
Subtotal  
Contingency 10% 
Subt o t  a1 
Archi tectural  and Engineering Fees 6% 
Management and Construction C2wdination 
, Fees 4% 
Total Building Envelope 
!Total Building Envelope Adjusted t o  1970 $ 's  
;Services 
; A i r  S ~ p u l y  System 1,000,000 scf'm 8 100 ps ig  
i 
(28,300 m3/min 8 68.9 iJ/cm2) 
(To supply Acoustic Generators ) 
Substation 2,000 kVA 
Total  Services 
I TOTAL COST 
1 
! 
50,000 I 
880,000 
455,100 
528,000 
3,OC- 
5,000 
6,000 
50,000 
129,000 
2,130,225 
13,500'000 1 
?3,00G ' 
i 
.13,330,000 1 
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FIGURE 6-65e FACILITY DESCRIPTIONS AND. COSTS - S4 (C0NTIN"ED) 
1 Equipment 
' Gezeral Purpose Laboratory Equipnent i 
Structural T e s t  Fixture 
Eate. Acquisition System - 9,500 Channels 
Acoustic Generator 165 dB i n  3,000 fi2 
(279 m2) Plane Wave Tube (Three Hundred 
30,000 Acoustic Watt Generators) 
Data Analyzers (5  Units) 
Strai i l  G-es (4,000 Units) 
Fatigue Gages (5,000 Units) 
Microphones (500 U n i t s )  
Structural Fabrication Area 
Welders 
Cutting Equipment 
Brakes 
Shears 
Subtotal Struct Fab Area 
Total Test Equipment 
T o t d  Airframe Acciistic T e s t  Faci l i ty  
(s4) 
UNIT 
COST 
L ,OOO/channel 
15,000 
mmEI 
COST 
20,000 1 30,000 ! 
1 20,000 
I 20,000 
i 
1 
1 
i 
i 
TOTAL 
COST 
400,000 
gol,ooo 
9 3 500,300 
4,500,000 
250,000 
1,000,000 
1,250,000 
250,900 
g0,ooo 
18,141,000 
34,371,000 
NOTE : Unless otherwise adjusted, all costs are i n  1970 dollars. 
SOURCES: (a) Richardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
(b)  Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Adjusted t o  a 1970 Base  Y e a r  
( c )  McDonnell-Douglas Corporation Ehgineering Budget History and 
Equipmer-t Inventcy  
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1 Acoustic Shroud 
S t e e l  Framing (Material and Erection) 
Walls and Hoofs (Material aid  Eieztion) 
I m e r i o r  W a l l s  
Comfort Conditioning 
Ventilation 
Heating 
Utilities ( ~ e c t r i i i t y ,  tias, Wat.er) 
F a c i l i t y  
S5 AIRFRAME CCYPONENT THERMAL/ACQUSTIC .TEST FACILITY 
Purpose: 
T ..n this f a c i l i t y v ,  s t ruc tu ra l  components i n  t he  combined thermal-acoiist i c  
envrronments of hyprsoI:-ic f l i g h t  a r c  cvnluated. The temperature e f f e c t s  upon 
material response t u  high level acoustic loading m c s t  be es tabl ished t o  ensure 
s t ruc tu ra l  adeqracy lr f l i g h t  application. This f a c i l i t y  is  espec ia l ly  suite6 t.o 
tes t  composite mte-i=ls, and brazed components such as may be founa i n  t h e  region 
of engine i n l e t  a i d  exhaust nozzles and t h e  accompanying thern.sl/accustj-c en-riron- 
rnent . 
Features : 
( a )  Computer programmed acoustic!thermal inputs.  
(b) Heater envl .:onment compatible with surrounding sound pressure level. 
( C  1 Atmospheric environmental cont ro l  (ox;vqen concentration) . 
( a )  Refrigeration capabi l i ty  t o  provide ?JW s t r u c t u r a l  temperatures. 
FIGURE 6-65f FACILITY DESCRIPTION AND COSTS - S5 
b 
I L ITTM 
Bit lding Envelope 16,000 ft2 (1,485 m2) plan 
S l t  e Treparat ion 
Footings and Foundations 
Floors 
S t ruc tu ra l  f l o o r  3 f t  (0.9 m)-thick steel  
reinforced concrete on bed rock 20 f t  
(6.3 m) deep excavation 
LateraJ. 8W h e m  tie-downs on 25 f t  
( 7 . 3  m )  c t r s .  imbedded i n  s t r u c t u r a l  f loor  
Shop and o f f i ce  area 6 inch (15 cm) s l a b  
f l o o r  
Subt o%al 
Coctingercy 10% I Subt ot til 
Ul'iIT 
COST 
~ 
EXTENDED 
COST 
TOTAL i 
COST 
6,000 
7,200 
126,000 
8,000 
13,000 
65,000 
87,000, 
190,000 i 
3,000' 
5,000, 
I ,LZZ 
12,000 i 
-- 31 .- -2.. 000 . . I  
554,400 
! 
2'; ,000 
609,400 
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150,000 
FIGURE 5 6 5 f  FACILITY DESCRIPTIONS AND COSTS - S5 (CONTIWUED) 
I!CE34 
Architecturzil and m i n e e r i n g  Fees 6% 
Management and Construction Coordination 
Fees 4% 
T o t a l  Building Envelope 
Potal Building Envelope Adjusted t o  1970 $@s 
Services 
Air supply System 30,000 sc% 8 100 psig 
(850 m3/min @ 68.9 N/c&) 
Substa3ion 100,000 kVA 
Refrigeration System 
Water Supply 4000 gpm e! 80O~ 
(15 m3/min e 30°c) 
Total Services 
Equipment 
General hupose Laboratory Equipment 
Structural T e s t  Fixture 
T h e m  Environmait Control 7ystem 
( Ignitrons ) 
30 Channels @ 500 kW/Channel 
300 Channels @ 250 kW/Cnannel 
Heaters 
150 Btu/f't2/soc over 100 ft2 
(i,700,000 W/n2 over 9.3 m2)  
70 Btu/ft.z/sec over 1,000 ft2 
(795GOO W/m2 over 93 m2) 
Acoustic 170 dB (Ten 30,000 Watt 
Acoustic Generators ) 
Data Acquisition Systez - 2,100 Channels 
Data Analyzers (2 Units) 
Strain Gages (250 Units) 
UNIT 
COST 
5 ,OOO/channeI 
5,00O/channel 
1500lPt: 
(16 ,000/m2) 
950/ft' 
( 1G , 200/m2 ) 
15,000 
1 ,000/channel 
50,000 
25C 
m m m  
COST 
TOTAL 
COST 
36,600 ; I 
i 
670.400 
710,000 
405,030 
1,603 ,000 
2 , 280,000 
! 
80,000 ! 
4,365,000 i  
i 
I 
400,000 1 
180,875 1 
150,000 i 
1,500,000 ' 150,000 1 I 
2,100,000 
100,000 
62,500 
REPORT NlOC A0013 2 OCTOBER 1970 
VOLUMETI 0 PART 1 
FIGURE 6-65f FACILITY DESCRIPTION AND COSTS - S5 (CONTINUED) 
- - 
ITEM t- 
Thermocouples ( 1,000 Units  ) 
Fatigue $sees (500 Units) 
Microphones (50 Units) 
Load Cells (30 U n i t s )  
Structural  Fabricaticn Area 
Welders 
Cutting Equipment 
Brakes 
Shears 
T o t a l  T e s t  Equipment 
T c t a l  Thermal/Acoilstic Camponent Test 
Faci l i ty  ( S 5 j  
i 
NOTE : Unless otherwise adjusted, a l l  costs  are i n  1970 dol lars .  
SOURCES : (a) Richardson Ehgineering Service Manual of Commercial-Industria1 
Engineering Standards 
(b) Mean's Average 1968 Construction Cost and Labor Inc?ex Historical  
Average Adjusted t o  a 1970 Base Year 
( c)  XcEonnell-Douglas Corporation Engineering Budget History and 
Equipment Inventcry 
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TOTAL 1 
CGST 
12,000 
15,700 
250,ooo 
8,000 
38,000 
297,000 
449,000 
15,000 
4, job 
50,000 
100 ,000 
1,2399200 
- - .  
123,900 
1,362,100 
S6 THERMAL-STRUCTURAL DYNAMIC TANKAGE TEST FACILITY 
Fac i l i t y  Purpose : 
Tankage systems for standard and cryogenic fue l s  are developed i n  this f a c i l i t y .  
This development requires  evaluating t h e  e f f ec t s  of vehicle  dynamics upon the  fue l  
tankage regarding fue l  s losh,  thermal load, pressure,  fue l  delivery,  and tmkage 
s t ruc tu ra l  adequacy; as a result of  t he  extreme thermal range, l a rge  capacity,  and 
f l i g h t  plans associated with the  research vehicles. 
Features : 
(a) S i t e  locat ion consistent with poss ib i l i t y  of tank rupture,  and dninum 
(b) Cryogenic and s torable  fue l s  
( c )  Refrigeration capabi l i ty  t o  simulate ex ter ior  s t ruc t in rd  cooldown 
damage incurred 
FIGURE 6-65g FACILITY DESCRIPTION AND COSTS - S6 
ITEM I 
Building Envelope 35,000 fk2 (3,250 m 2 )  plan 
, S i t e  Prepatation , Footings and Foundations 
1 
1 I 
Fluors 
S t ruc tura l  floor 3 f t  (0.9 m)-thick steel  
reinforced concrete on bed rock 20 ft 
(6.1 m) deep excavation 
Lateral 8~5'35 beam tie-downs on 25 f t  
(7.3 m )  c t r s  
Shop and of f i ce  area 6 inch (15 cm) slab 
on grade 
S tee l  Framing 
W a l l s  and Roofs 
Comfort CondiLiol;ing 
Ventilation 
Heating 
U+sk i t i e s  [ Z k c t r i c i t y ,  Gas , Water) 
imbedded i n  structural f loo r  
Subtotal 
ContirGency 10% 
Subtotal  
UNIT 
COST 
-iXEENDD 
COST 
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FIGURE 6-65g FACILITY BESCRIPTION AND COSTS - S6 (CONTINUED) 
Architectural  and Engineering Fees 6% 
Management and Construction Coordination 
Fee 4% 
Total Building Envelope 
Total BuilOing Envelope Adjusted t o  1970 $ ' s  
Services 
A i r  Su ply System 30,000 scfm @ 150 psig 
(850 m3/min @ 103 N/cm2) 
Substation 1,600 kVA 
Refrigeration System 
Water Supply 7,000 gpm 8 80°F 
(26.8 m3/xin @ 30°C) 
Crjogenics 1,130,000 ga l  
(4,310 m3) LH2 Slush Storage 
70,000 gpm (264 m3/min) LH2 Slush 
Flcw 
Standard Fuel 225,000 ga l  (852 m 3 )  
JP-4 Storage 
15,000 g p m  (57 m3/min) JP-4 Flow 
Foam Quench System 
Total  Services 
Equipment 
General h r p o s e  Laboratory Equipnent 
S t ruc tura l  T e s t  Fixture 
Daxa Acquisition System - 4000 Channels 
Hydraulic Power Supply (30 Units) 
m n  
COST 
EXTENDED 
COST 
TOTAL 
COST 
81,600 
54,400 
1,499,100 
~ _ _ _ _ _  
1,590,000 
405,000 
33,600 
3,650 
140,000 
6,800,000 
4,270,000 
goo ,000 
135,000 
211,000 
12,864,650 
400, GOO 
455,305 
g ,000,000 
450,000 
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25,000 
25,000 
750 zOOO 
750,000 
250,000 
20,000 
30,000 
20,000 
20,000 
600,000 
19,182,805 
FIGURE 6-65g FACILITY DESCRIPTION AND COSTS - S6 (CONTINUED) 
ITEM I 
mermal Control Systi2m 650 Channels I 
I 
I @ 250 kYA/Channel 
2 HeaterF 25 Btu/ft /sec over 6,000 f't2 
(284,000 W/m2 over 555 m2) 
Mechanical Exciter System - Eccentric 
on top of rolling platform - 500 kip 
(2,220,000 N) capacity 
Load Cylinders (300 Units) 
Load Cells (400 Units) 
Pressure Transducers (100 Units) 
Flov Transducers (100 Units) 
Thermocouples ( 3,  000 Units ) 
Strain Gages (3,000 Units 
Deflection 'Transducers (1,000 Units) 
Structural Fabrication Area 
Welders 
Cutting Equipment 
Brakes 
Shears 
Load Application Control System - 
200 Channels 
T3ta.l EqiiiF: ~ i + ,  I 
Grand Total. Tankage Test Facility ; S < "  
WIT 
COST 
5 , 000/channel 
60,000 
590 
1,030 
250 
250 
250 
250 
250 
3,00O/channel 
EXTENDEC 
I ~ S T  
1 
i 
TOTAL 
COST 1 
7
I 
3,350,0001 1 
2,4i)O,OOO 
60 ,ooc 
NOTE: Unless otherwise adjusted, all costs are in 1970 dollars, 
SOURCES : (a) Richardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
(b! Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Adjusted to a 1970 Base Year 
(c) McDonnell-Douglas Corporation Engineering Budget History and 
Equipment Inventory 
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S7 CABIN PRESSURIZATION TEST FACILITY 
F a c i l i t y  Purpose: 
This f a c i l i t y  es tab l i shes  the repeated pressurizat ion fa t igue  l i f e  of the  
cabin enclosure s t ruc ture .  The e f f e c t s  of s t r u c t u r a l  damage and r epa i r s  u p m  
fa t igue  l i f e  of t h e  pressurized enclosure can also be evaluated. 
also be used t o  subs tan t ia te  cabin design burs t  p- ressure .  
Tne f a c i l i t y  w i l l  
FIGUSE 6-65h FACILITY DESCRIPTION AND COSTS - S7 
ITEM 
Building Envelope 350 x 40 x 40 f t  
(107 x 12 x 12 m) 
S i t e  Preparation 
Footings and Foundations 
Floors - 14.000 f t2  
2 ft (0.6 m) th ick  
(1,300 m2) 
Stee l  Framing 
Walls 31,200 
(30 cm) th i ck  
f t 2  (2,890 m2) 1 2  inches 
Control Complex 
Vent i la t ion 
Heating 
Uti l i t ies  ( E l e c t r i c i t y ,  Gas Water) 
Subt o t  a1 
Contingency 10% 
Subt o t  a1 
Archi tectural  and EnTineering Fees 6% 
Management and Construction Coordinatiaa 
Fees 4% 
Total  Building Envelope 
Total  Building Emelope Adjusted t o  1970 $‘s 
Services 
Air Supply System 3,001, scfh @ 150 psig 
UNIT 
COST 
- 
EXTENDED 
COST 
T3TAL 
C3ST 
L5,OOi) 
150 , o m  
60,000 
200,000 
455,000 
k5 ,Son 
500 , 500 
30,000 
20 , 000 
550,500 
~ 
580,000 
40,500 
HCDQNNRU AlRClrPACT 
6-163 
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FIGURE 6--65h FACILITY DESCRIPTION AND COSTS - SI (CONTINUED) 
ITEM 
Water supply 2,000 gpm 8 1 5  ps i  (7.6 m3/  
min 8 10.3 N/cmz ) 
Total Services 
Equipment 
General l?urpose Laboratory Equipment 
Data Acquisitiov System - 3,500 Channels 
Pressure Trwaducers (30 Units) 
Strain Ga,ges (1,000 Units) 
Fatigue Gages (2,GOO Units) 
Total. Test Equipment 
Total Cabin Pressurization Test Facility 
(s7 1 
UNIT 
COST 
...- 
E23EmzD 
COST 
TOTAL 
COST 
40,000 
80,500 
400,000 
3 9 500,000 
7,500 
250,000 
500,000 
4,651,500 
5 ,335,500 
NOTE: Unless otherwise &Jt;sted, all. costs are in 1970 dollars. 
SOURCES: (a) Richardson Engineering Service M a n u a l  of Commercial-Industrial 
Ehgineering Standards 
(b) Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Addusted to a 1970 Base Year 
(e )  McDomell-Douglas Corporation Engineering Budget History and 
Equipment Inventory 
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1 
$9 CRUISE-DESCEYT THERMALNACUUM TEST FAC"-ITY 
F a c i l i t y  Purpose: 
This  f a c i l i t y  provides full-scclle, real-time evaluation of environmental con- 
It also provides crew t - s i n i n g  i n  operating these  systems i n  t h e  most real- 
' t r o l  systems ar,d equipment i n  t k e  combined simulated f l i g h t  thermal-alt i tude environ- 
' 
ment. 
ist i c  approximation of f l i g n t  environment. 
ITEM COST 
FIGURE 6-65i FACILITY DESCRIPTION AND COSTS - S9 
t 
; Building Envelope 67,500 f t 2  (6,260 m2) plan 
I 
I 
I 
, I  
! 
I 
! 
i 
8 
(i 
'I 
jj 
:I 
i 1 
I 
i 
I 
.i 
i I  
I 
,I 
i 
i 
i 
i 
I 
i 
I 
I 
Site Preparation 
Footings and Foundatj ons 
Floors 
S t ruc tu ra l  Floor 3 f t  (0.9 m )  t h i c k  
reinforced concrete on bed rock 20 f t  
(6.1 m )  deep excavation 
Lateral 8W35 beam tie-downs imbedded 
i n  s t r u c t u r a l  floor 
Shop and o f f i c e  area 52,000 ft2 
(4,840 m*) 6 inch (15 cm) Slab on grade 
S tee l  Framing (Materials and Erection) 
I n t e r i o r  Walls (Materials and Erection) 
Chamber - 12 Gage S t e e l  i n  place 
Welding 
Door and Track 
Painting (2 coat brush) 
Insulat ing 
Subtotal  Chambsr 
Chamber Man-Rating 
Vmt i l a t ion  
Heating 
Uti l i t ies  ( E l e c t r i c i t y ,  Gas , Water) 
Subto t a l  
Contingency 10% 
Subt o t  a1 
EXTENDED 
COST 
150,Or)O 
100 ,do0 
200,000 
600,000 
25,000 
TCTLiL 
COST -. 
8,500 I 
20,998 ' 
503,000 
8, OOCI 
38,000 
2,154,000 
400,000 
1. ,075,OOC) 
500,000 
50,000 
6,000 
115,000 
4,878,490 
487 800 
5,366,298 
FIGURE 6-69 FACILITY DESCRIPTION AND COS?$ - S9 (COMTIWUED) 
ITEM 
Architectural and Engiuetriw Fees 6% 
Management and Construction Coordinatica 
Fees 4% 
Tota l  Building Envelope 
T a k d  Building Envelope Adjusted t o  1970 $'s 
Services 
Air Su2ply System 1,000,OOO scftn e 150 psig 
(28,300 m3/min e 133 n/&9 
(Used for Acoustic k i e r a t o r s )  
Substation l,k00,OOO kVA 
Refrigeration Sy.;tem 
Steam Ejector l,OQQ,OCO scfh 
(28,300 m3/min) 
(Used f w  Altitude Chamber Pump- 
Doam) 
Total Services 
Equipment 
General Purpose Laboratory Eqdipment 
Data Acquisition System 10 ,OOG Cnannels 
me- Control System - 3,000 Channels 
at 500 kW/Chmmel 
Heaters 
b Btu/ft2/sec over 16,OOQ ft2 
(454,000 W / d  mer 1,490 me) 
120 Btu/f%*/sec over 4,000 f't2 
(1,360,000 W/mp over 390 m2) 
I.JNIT 
COST 
WTIENDEZ 
COST 
TOTAL 
COST 
321,000 
214,000 
6,225 ,ooc 
35,000,000 
31,dOO,OOO 
600,000 
120,000,000 
200,goo ,000 
400,000 
10,OOO ,000 
15,000,000 
g ,600,o~o 
6,000,000 
4,000,000 
FIGURE 6-651 FACILIVY DESCRIPTIOW AWD COSTS - S9 (CONTIPIUED) 
ITEM 
Transducers il0,000 Units) 
Total Equipment 
Grand Total W s e  - Descent F a c i l i t y  (a) 
WIT 
C%T 
254,625 ,oo .I
looTE: Unless otherwise cadjusted, all costs are fn 1970 dollars. 
SOURCES: (a) Richardsm Engineering Service Manu  of CanrmePcial-Industrid 
Engineeriw Stan-s 
(b) Mean's Average L968 Constmetion Cost and Labor Index Historical 
Average Adjusted to  a 1970 Base Y e a x  
(e )  McD0nneI.l Douglas Corporation -neering Budget History and 
Equipment Inventory 
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FIGURE 6-66 HYFAC PIONFLOW STRUCTURAL TEST FACILITY AREA, MAJOR 
EQUIPMEW, AND UTILITY REQUIREMENTS SUWARY (ENGLISH UNITS) 
Faciiity 
Static Test - Fall Scale Thensal 
StRlGhrre 
i ? m i a l ~ i l  Fatigue 
I 
T'aakage Tesi 
Cabm Pmuritatian Test 
Caise Oescent Facility 
3!iO ft x 150 R sbuehaal Floor 150 f? Hi& Bay. Cei!iag a 4  
Walls Capable of Up to 2500 pd Load OIter 16,oQ3 sq ft. 
150 ft x 100 ft Test Hdw Fabrication h 60 ft High Bay. 
16,600 sq ft Laboratory Office; 2500 sq ft Data Acquisition; 
5Mlo sq R Test COaW. 
7500 sq it Test Control Complex. 
100 ft x 100 R Structural Floor 60 ft High €By. StrUGtural 
and ltn&uctUral Ceiliag and Walls. 100 R x 100 R Test 
H&#e FaMcatioa iSrea 60 ft Hi@ 6ay. 1500 sq ft Data 
Acquisition; 2500 sq ft Test Control Area. 
350 ft x 150 it x 100 ft Acotlstic Test Cell; 2500 sq ft 
Test Control Cinnplex. 
100 ft x 1QO R Structural Floor 100 ft H@h Bay. Structural 
Ceilie and Walls. 2500 sq ft Test Conbol Area 
EO ft x 100 R S k t w a l  Flw 100 R High Bay. Structural 
Ceiling. 100 ft x 100 ft Test Hdwe FaBticatioa Am. 2500 
sq ft Data Acquisition; 5000 sq ft Test CORW Complex. 
150 ft x 150 ft x 100 ft Test Cell Safety Enclosure. 2500 
sq ft Test Caolttal Station. 
500 sq ft Test Control Complex. 
350f tx  WI R x100it E s U m l  CAaoJoerfor Pressures 
to 1 Ton. (%amber has sbuctural Floar, Ceiliag, and Walls. 
350R x 125 ft x 100 ft Self Sapporlrng Aroustie Shroud. 
350 R x Ei R x 100 ft Self Sapporting Acoustic Shroud. 
50 ft x 50 ft x 20 R Acaustic Refleding/Absorbing Test 
Cell. 15 ft x 10 R x 10 W Acoustic Shrd. 
350 R x 150 ft x 100 ft Environmtal CRarnber for Pressures 
to 1 Ton. Man Wed, 
~ 
-- 
Utilities - 
Compressed Air 
Fluid Flow Fluid Storage Refrigeratian 
Water subsialian 
r 
L 
-t . 
6 
? 
m l  
3 
n u u 
I 
rn 
.d 
I 
C z 
3 s 
I 
n 
J 
efleetindAbsorbing Test 
stic Shard. 
- 
bilding. 
meiital CRa&er far Pressures 
Fluid Flow 
- 
%id Sol FEetrigeratiaa 
kmstks: 170 dB in 3000 sq ft plane Vbttrt Tube. 
Facility 
Dlpasaic Stnatr;nl Ewalaatias 
Facility - Fall Scale 
TiEnml/B#arsticoplpanedt 
Test 
ThermalAlWtanical Fatigue 
Airhame Acaastic Test Facility 
T- TesS 
Gabin PresSrniEatiorr Test 
his Descent Facility 
Area Requirements Major Equipment Requiremen6 
106h x .7m x 30.h Enwimnrnental Chamber for Pressures 
Walls. 106.h x 38Jm x 30.5111 Self Supporting Acoustic 
shrmtd. 
to 133 N/' 3 . Chamber has Struciural Floor, Ceiling, and 
106.h x 3Llm x 3Um Self Sllpporting Acoustic Shroud. 
1- x 153s x 6& Acoustic ReflediAbsorbing Test 
Cell. 4.57m x 3.115m x 3.05m Acoustic %mud. 
Foarn/LH;! Quench for Entire Lilding. 
F 
Equipment Reqviremenb 
.!ha Envimamen?al Cbmber for Pressures 
has Stluchaal Floor, Ceiling, and 
._ x 30.h Self Supporting Acoustic 
.Sm Self Supporting Acoustic Shroud. 
Acoustic Reflecting/Absorbing Test 
. x 3.05m Acwstic Shroud. 
. Entire Building. 
5m EnviRinmenhl Chamber for Pressures 
ikd 
Utili ties 
Water 
0 
- 
0 
Compressed Air Substation 
Flow 
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FIGURE 6-66 HY FAC NONFLOW STRUCTURAL RESEARCH FACILITY AREA, 
MAJOR EQUIPMENT, AND UTILITY REQUIREMENTS SUNMARY (S.I. UNITS) 
Fluid Flow Fluid Storage Refrigeration 
;tation 
1 
Test Equipment 
*- 
Heat Flux: 2 
Supplies. 
x 104 Watt/metd O r r  3770 I$; Fifty 
.441 x 10-3 2 /sec; 41.3 x 16 N h  Hydraulic hwer 1 
Heat Flux: 4.54 x lO5Watt/meterZ Over 1489 I$: 1.13 x 105 1 \ ,:.."') 
371 ma 8coustics: 1 x 103 Watt/mete& in 279 m2 Plane Wave I 
i Tube: One Hundred 1.33 x 105 N Shakers. 
Heat Flux: 3.97 x 1$ WaWmekr2 Over 305 m2; 7.94 x l@ 1 
WWmeter2Over 9.29 m2; 9.08 x 104 Watt/meter2 O w  
WaWmeter2 Over l&On& 1.36 x 106 Watt/Aleter2 Over 
9~1.9 m2. 1 
Acoustics: 1 x 106 WatVmeter2 in 279 m2 Plane Wave The. j 
! 
$ 
9.29d: 7.94 x 19 Watt/' 
Acoustic Watt 
Heat Flux: 4.54 x 10s Watt/rneterZ Over 1489 m2; 136 x 106 
Watt/mete& O m  371 I$; 1.13 x 105 Watt/ineterz Over 1860 d 
MCDONNRU A R R C R A I - 7  
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FIGURE 6-67 HYFAC GROUND FACIL ITY ACQUISITION COST SUMMARY 
Facility Component 
Building Complex 
Services 
: Supply 
Hydraulics 
Cryogenics 
Substation 
Refrigeration 
Water 
Steam Ejector 
Fire Suppression 
Standard Fuel 
Air Filtration 
Disposal Area 
.Total Services 
Major Equipment 
Environmental Chamber 
Acoustic Shroud 
Sled Track 
Anechoic Chamber 
Flight Simulators 
Test Fixture 
Heaters 
Test Control 
Thermal Control 
Shakers 
Acoustics 
Total Major Equipment 
Miscellaneous Equipment 
Qata Acquisition 
Instrumentation 
Total Qata Acquisition and Instrumentation 
Grand Total 
_I 
s1 
3,980 
350 
- 
11,680 
2,280 
1,600 
50 
15,960 
1,447 
4,060 
3,000 
2,250 
10,757 
5,3511 
15,000 
3,075 
18,075 
K i i 6  
- 
- 
s2 
4,225 
13,58 
11,68E 
35,000 
31,800 
-- 
800 
a,oom 
!12,78(1 
1,015 
400 
901 
19,600 
3,000 
15,000 
21,000 
4,500 
65,476 
5,394 
17,000 
4,150 
21,150 
i09z5 
- 
s3 
732 
41 
6,700 
800 
1,140 
40 
- 
8,721 
109 
480 
750 
a75 
2,154 
743 
4,000 
963 
4,963 
17,313 
- 
Dollars - Thousands - 
i4 
,81 
,SI 
- -  
53 
88 
9[ 
50 
74 
5[1 
50 
011 
31 
28 
I 
-
s5 
645 
405 
1,600 
2,280 
80 
4,365 
€5 
181 
1,100 
1,650 
150 
3,146 
619 
2,100 
463 
2,563 
11,338 
- 
- 
S6 
1590 
405 
11,070 
34 
4 
140 
211 
l,M5 
12,899 
456 
2,400 
3,350 
60 
6,266 
2,117 
9,000 
10,800 
33,672 
1,800 
- 
- 
s7 
580 
41 
40 
81 
400 
3,500 
758 
4,258 
5,319 
- 
- 
s9 
4,650 
13,500 
35 -000 
31,800 
600 
.20,000 
'00,900 
1,575 
19,600 
15,000 
36,175 
40'5 
10,000 
2,500 
12.500 
!54,625 
- 
LL 
). 
I 
b 
h 
v) 
W 
v) 
w 
v) 
c: 
- 
(u 
v) 
d 
v, 
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FIGURE 6-69 STATIC STRUCTURAL EVALUATION FACILITY S1 TEST ARTICLE 
SIZE AND SIMULATION LEVEL FACILITY COST COMPARISON 
SIMUIAT3D PAPMTERS 
7 60 
MAJOR SECTION 
-STRUCTURAL COMP0NE;NT 
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FIGURE 6-70 DYNAMIC 'TRUCTURAL EVALUATION F A C I L I T Y  S2 TEST ARTICLE 
S!ZE AND SIMULATION L E V E L  F A C I L I T Y  COST COMPARISON 
SIMULATXD PARANUTER 
s-2 
\ FGLL SCALE VEHICU. (S2-A) 
e JQ' 3' SECTION (S2-B) 
e- STRUCTURAL COWONEKT 
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FIGURE 6-71 THERMAL/MECHAhllCAL FATIGUE FACILITY S3 TEST ARTICLE 
SIZE AND SIMULATION LEWN FASILITY COST CORRELATION 
lW-K\\\\\V 
CCiST 
SIMULATED PARAMETER 
120 
io  -I 
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6.7 MATERIALS RESEARCH FACILITIES 
%e problem of developing satisfactory materials for use i n  reusable hyper- 
sonic vehicles presents a major technological challenge. The construction of an 
airframe t h a t  w i l l  repeatedly survive the  severe re-entry themal  and loading 
conditi xis and yet be wi th in  reasonable weight limits may require unconventional 
materials concepts. Heat res is tant  strwtural zetals  and thermal prot?ction system 
materials constitute the two primary areas revairing xater la ls  research, but 
research mst be conducted on virtueUy every material used i n  the vehicle. 
The concept of these materials research f a c i l i t i e s  is that  they w i l l  provide 
an aveme t o  translate the  extensive materials data obtained on small sized Spec;- 
mens i n t o  design data ard c r i t e r i a  fo- practical. a i rc raf t  structures. 
6.7.1 
be limited by the  ab i l i ty  of t h e  s t ructural  materials t o  withstand c r i t i c a l  f l igh t  
environmental conditions. Shortcmings presently exist  i n  refractory m e t a l s ,  
saperalloys, high-strength steels, and advanced titanium technology that  w i l l  
rsquire extensive research before actual candidate materials can be selected. 
Reusable refractory coating systems w i l l  be rel ied on t o  protect large surface 
areas o f  m Q s t  hypersonic vehicle designs, but sufficient test data is nc t  pre- 
sen t ly  available t o  reliably demonstrate the system. 
are possible high heat flux area material candidates, bct t he i r  r e l i ab i l i t y  has 
not been demonstrated. 
CRITERIA - The ultimate capability si' t h e  hypersonic vehicle could w e l l  
Likewise, ceramic materials 
Materials available for thermal protection systems ha-re many shortcomings . 
Passive insulation systems w i l l  most likezv incorporate a highly eff ic ient ,  low- 
density fibrous o r  powdered material.. 
zirconia based insulation materials now exis t  that  can operate i n  the 2000-2700°F 
(ll10-14gO°C) temperature range, but repeated use at these temperatures under 
compressive o r  vibration loading +,ends t o  seriously degrade the i r  perfarmance. 
Further insulation material degradation has been noted when these materials have 
besn ersse8 t o  misture, freezing temperatures, and general weather exposure. 
New types of m e t a l .  reflecting f o i l  mw be required tha t  do not depend on precious 
metals for t he i r  reflectivity.  
A large rider of s i l i c a ,  alumina, or 
6.7.2 
complex have been proposed for the development of h w r s o n i c  vehicle materials. 
The scope of tes t ing t o  be conducted i n  these f a c i l i t i e s  ranges from bzsic material 
research to the development of manufacturing and nondestructive e?raluation techni- 
ques (see Figure 6-72). The candidate materials research f a c i l i t i e s  are designed t o  
t e s t  material coupons through the  full range af expected environmental conditions and 
t o  translate the basic material data obtaine0 i n  the laboratory into viable a i r c ra f t  
structural  concepts. 
provided by each of the proposed f ac i l i t i e s .  
specimens used i n  each fac i l i ty .  
ANALYSIS - Materials f a c i l i t i e s  tha t  provide a complete materials research 
Figure 6-73 is a matrix of the: s i d a t i o n  and research levels 
It indicates the +,me of material 
6.7.3 
f ac i l i t y  consists of three separate research laboratories (E, M3, and M 4 ) .  
DESIGN CHAFtACTZ3IST;CS AND COST SUMMARY - The suggestei? materials research 
M l  
w a s  judged t o  be representative of faciliLy capability avsiiable i n  existing facil-  
i t i e s  as well as the engine f a c i l i t i e s  with aer3dynamic nozzles. The capability 
of each separate f ac i l i t y  is primarily determined by :lie type and amount of t e s t  - 
c 
w 
I- 
c3 
Ir, 
0 
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FIGURE 6-73 MATERIALS FACILITIES MATRIX AND TEST ARTICLE DEFINITION 
llllsreeril coupon 
equipment contained i n  the  laboratory.  
detailed l i s t  of test equipment and cos t s  are presented i n  Figure 6-74. 
primary materials u t i l i t y  and services  requirements are presented i n  Fiadre 6-75. 
Estimated f a c i l i t y  acquis i t ion  cos t s  and cperat ing cos t s  are presented i n  Figures 
A descr ip t ion  of each f a c i l i t y  w i t h  a 
The 
6-76 6-77. 
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M2 THERMAL-PHYSICAL-MECHAAllCAL PROPERTIES RESEARCH FACIL!TY 
F a c i l i t y  Purpose: 
This f a c i l i t y  Is a basic  requirement for t h e  development #- f s:.-sterr.r li: : ! I -  
advanced mater ia ls  o ~ *  ne-d appl icat ions of standard mater ia ls .  The f a c i l i t y  i.-, u-:. .: 
t o  establish basic infcrmation related t o  ant ic ipated envircnmental apFlicati, r::~. 
It  i s  necessary t h a t  t h i s  f a c i l i t y  in r , ta l la t ion  have t h e  capacity fo r  YIic  c1~31u- 
atioL OF material p r q e r t i e s  over a w i d e  range of therm3l-rhvsical ctc,niit. i\;t;s. 
FIGURE 6-74a FACILITY DESCRIQTIOW AND COSTS - Y2 
ITEM 
BuiidiDg Envelope 53,000 
Common h i l d i n g  f o r  1.Q 
ft2 (4,920 m2) plar 
K3, and M4 
S i t e  Freparation 
Foot k g s  and Foundations 
Floors 
Steel  Framing ( h t e r i a l  and Erection) 
I J a l l s  and Roofs (Material and Erection) 
Interior Walls 
Comfort Conditiming 
S e n t i  l a t  i on 
Heating 
U t i l i t i e s  ( E l e c t r i c i t y ,  Gas, Water) 
Subtotal 
Contingency 10% 
Subtotal  
Archi tectural  and Engineering Fees 61 
Ihnagement and Construction Coordination 
Fee 4% 
Total  Building Envelope 
Total Building Envelope Adjcsted t o  1970 $'s 
Services 
A i r  supply System 3,000 scfm @ 1.50 psig 
(85 m3/min @ 103 N/CIQ) 
15,000 scfh @ 150 p s i g  (255 m3/min 
@ 103 Nlcrnz'j 
UNIT 
C3ST 
EXTEXDED 
COST 
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FIGURE 6-74a FACILITY DESCRIPTION AND COSTS - M2 (CQNTINUED) 
ITFI 
Water Supply I , C ; ~ O  gpm @ 80°F (3.8 m3/min 
e 30°c) 
Cryogenics 37,500 ga l  (14? m3) 
LH2 Storage 
37,500 Gal (142 m3) LOX Storage 
37,500 G a l  (142 m3) LN2 Storage 
37,500 G a l  (142 m3) Std Fuel Storage 
Tota l  Services Common to LE’, M3, M4 
hemal-Physi cal-Mechanical Properties 
Laboratory (a) 
Equipment 
5eaters 450 Btu/ftZ/sec over 1 sq ft 
(5 ,~OO,OOO W/m2 over 0.1 m2) 
Tensile Test Machine - 1 x 106 lb 
( 4 J  x 106 N) 
Impact Test Machine - 5,000 ft lb 
(5,’i’CO j over -45O0F to +4,500°F 
(-271OC to 2,490°C) 
Creep Test Machines - 23 Kip (89,500 N) 
over -45OoF to +4,50G”F (-271OC to 
2,490°C) (50 Units) 
Thermal Properties Determination 
Ayparatus for Determining Conductivity 
Ecxksivity, and Coefficient of Expan- 
sion over -45O0F to +4,500°F (-27lOC 
to 2,490OC) 
Metallurgical Laboratory 
Elecgron Microscope 200 kV, 
1.5 A Resolution 
UNIT 
COST 
12 , OOO/& 
: 129,000 /m2 1 
10,000 
MTmm 
COST 
TOTAL 
COST 
20, oa  
20 ,OO( 
375 ,OO( 
300,00( 
150 ,OO( 
262 ,oo( 
1,373 9 50( 
12 ,OO( 
1,000,000 
25,000 
500,000 
35,000 
110,OOO 
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ITEM 
FIGURE 6-74a F4ClLlTY DESCRIPTION AND COSTS - M2 (CONTINUED) 
UNIT 
COST 
Seanriing Electron Microscope 150 kV, 
10 8 Resolution 
Vacuum X - R a y  Spectrometer 75 kV, Capable 
of Hydrogen Detection 
Electron Microprobe, Capable of Helium 
and Hydrogen Detection 
Low Energy Electron Diffraction Camera 
Hardness Tester 
Microscopes - 200X Magnification 
Met allograph 
Environmental Chamber 30 ft long x 15 ft 
diameter (9.2 x 4.6 m) rated at 1 torr 
(133 W m 2 )  
Data Acquisition - 50 Channels 
tal Equipment Thermai-Physical-Mechanical 
operties Laboratory (M2) 
EXTENDED 
COST 
TOTAL 
COST 
84,000 
11,000 
90 ,OOC 
50 ,OOC 
7 ,ooc 
40 ,OOC 
10 ,ooc 
740 ,OOC 
50 ,OOC 
2,764 ,ooa 
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Facility Purpose: 
The purpose of this facility is to establish the basic combined thermal- 
mechanical fatigue properties of materials from coupon evaluation, and to 
establish material application working level allowables. The hypersonic f l i g h t  
regime will require the development of thermal-mechanical fatigue material prop- 
erties for many materials over a wide range of temperature/heat flux environaents. 
FIGURE 6-74b FACILITY DESCRIPTION AND COSTS - M3 
ITEM 
Thermal/Mechanical Fatigue Properties Labora- 
tory (M3) 
Equipment 
Fatigue Machine ( 4  Units) 
Thermal Control System 
Heaters 450 Btu/ft2/sec over 6 ft2 
(5,100,000 w/m2 over 1.8 m2) 
Data Acquisition System - 500 Channels 
Strain Gages (25 Units) 
Fatigue Gages (50 Units) 
Thermocouples (50 Units) 
Total Equipment Thermal-Mechanical Fatig-le 
Properties Laboratory (M3) 
UNIT 
COST 
600,000 
12 ,oo0/fi2 
I . ~ ~ , O O O  /m* 
1 ,OOO/chmnel 
250 
250 
250 
* Building and Services requirements are shared with M2 and 44 
T W X  
COST 
L,bOO,C9Q 
72,000 
500,000 
6,250 
12,500 
12,500 
3,003,250 
6-182 ._.~. 
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M4 FABRICATION TECHNOLOGY DEVELOPMENT FACILITY 
Facility Purpose: 
This facility will be used to develop new material handling, f u m i w ,  a111 
joining techniques for hypersonic flight vehicles. 
FIGURE 6 - 7 4 ~  FACILITY DESCRIPTION AND COSTS - M4 
ITEN 
Fabricatim Technology Facility (M4) 
Equipment 
Zalt Bath Furnace 
3 x 4 x 5 ft (.91 x 1.2 x 1.5 m) 
1,200-1,SOOOF (658 - l,OOO°C) 
3 x 4 x 5 ft ( . 9  x 1.2 x 1.5 m) 
1,800-2,40O0F (1,000 -. 1,330°C) 
Induction Furnace 30 kW 
Xectroa Beam Welder 
Developmental Machine Shop 
Electrical Discharge Machine 
Electrochemical MilliQg Machine 
Cleaning Facility 
Tube Bender 
Pressure Forming App,y.atus 
Glass-Shct Peening Apparatus 
Autoclare 80 Y 
(? 500 psi (3,440,000 N/m2) 1,200°F (656OC) 
x 20 f t  (24 x 12 x 6 m) 
Vacuum Furnace 1~ x 10 x 10 f-i; ( 3  x 3 x 3 m) 
3,000°F (1,680~~) 
X-Ray Equipment 
Joining Facility 
100 Laser 
300 Ultrasonic Welder 
NC Fusion Welder on 5 Axis Table 
Nondestructive Test Laboratory 
Ultrasonic Cleaner 8 x 40 f t  Tank (2.4~12 m
Radi 0graF-h 
IR Scanner 8 x 40 ft (2.4 x 12 m) 
UNIT 
CCS" 
EXTEiiDED 
COST -
TOTAL 
COST 
50,000 
50 ,OOC 
28 , clGO 
130,1103 
50,000 
80,000 
i o  ,no0 
500 
50C 
500 
500 ,dOQ 
500,000 
1,500 
30 ,OGfj 
20 ,eon 
25,000 
',c , t J ~ J O  
50,000 
50,000 
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FIGURE 6 - 7 4 ~  FACILITY DESCRIPTION AND COSTS - M4 (CONTINUED) 
ITEM 
Hydroclave 20 ft x 10 ft dia (6.1 x 3 m) 
10,000 psi (69,000,000 N/m2 e! 2,000°F) 
(1,100'F) 
Hydraulic Press 
Laser Holography 6 x 8 on 50 ft 
(1.8 x 2.4 x 15 m) Sweep in Anechoic 
Room 
Total Equipment Fabrication Technology 
Facility (M4) 
Building and Services Requirements are 
Shared wi th  M2, M3 
TJNIT 
COST 
EXTENDEX 
COST 
TOTAL 
COST 
50,000 
80,000 
300,000 
2,330,000 
NOTE : Unless otherwise adjusted, all costs m e  in 1970 dollaxs. 
SOURCES : (a) Richardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
(b) Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Adjusted to a 1970 Base Year 
(c) McDonnell Douglas Corporation Engineering Budget History and 
Equipment Inventory 
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_-- . 
M2 
M3 
1 4  
30 ft x 15 ft Diameter Environmental Chamber for Pressures 
to 1 Torr. Tensile Test Machine 1 x 106 b; Impact Test 
Machine 5 x 103 ft-lb; Creep Test Machines. 50 Units 
Electron Microscope. 
Fatigue Machine Four 1000 Kip Units 
Autoclave 80 ft x 40 ft x 20 ft at 500 psi and 3OOOOF; 
FIGURE 6-75 HYFAC NON-FLOW MATERIALS FACILITY AREA, 
MAJOR EQUIPMENT, AND UTILITY REQUIREMENTS SUMMARY 
(ENGLISH UNITS) 
Utili ties 
GiiEzr Fluid Y :-- Water Substation 
I 
~ 
Facility Major Equiqment Requirements Code 
Tbennal-F'hy sical-Mechanical 
Properties 
Therm I /Nlechan i M I Fatigue 
Fa brim tion Technology 
0 
(S.I. UNITS) 
Utilities 
Fluid Storage 
Water 
Major Equipment Requirements Facility 
9.14m x 37m Dia. Environmental Chambe for Pressures to 
Machine 660 m-kg Creep Test bchines 50 Units, Electron 
Microscope. 
Fatigue Machine Four 4.44 x 106 N Units. 
Autoclave 24.4111 x 122m x 6.09111 at 3.45 x 16 N/m2 and 16510C. 
Hydroclave 6.09m x 3.05m Dia at 6.89 x lo7 N/m* and 1lllOC. 
133 N/m d Tensile Test Machine 4.44 x 1 d N; Impact Test Thermal-Physical-Mechanical Properties 
Thennal/Nlechanical Fatigue 
Fabrication Technology 
In3 
M4 
6-185 (Page 6-186 is Blank) 
Utili ties 
Fkid Storage :ompressed Substation 
I 
rest Equipment 
e z 
8 
0 
0 
.r( - 
bat Flux: 450 W/sq ft/ser Over 6 sq R. 
125 I 500 
I I  
I I 
Utilities 
Fluid Storage 
later 
I 
Substation 
T;:t Equipment K 
3 
r( 
Y rn 
J 
Heat Flu: 5.10 n 106 Watt/meterZ Over r.83 d. 1 0 
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PRW'3DING PAGE BLANK NOT FTLME" 
FIGURE 6-76 HYFAC GROUND FACILITY ACQUISlTlQBl COST SUMMARY 
facility bnqiamt I 
72 
72 
2,400 
500 
32 
532 
2,030 
- 
- 
llg0 - 
960 
247 
!I37 
65 
20 
m 
150 
1.374 
740 
12 
72 
a24 
63% 
551 
3; 
58; 
lnJ3i 
7 
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FIGURE 6-77 HYFAC GROUWQ FACILITY OPERATIWG COSTS SUMMARY 
g12 
- 
13 
5 
13 
13 
1 
1 
37 
2!l 
6 
4 
4 
140 
24 
48 
- 
83 
w 
5 
13 
4 
6 
1 
19 
15 
67 
38 
37 
172 
30 
40 
1114 
10 
2 
146 
a5 
2QQ 
24 
10 
u 
w 
4 
7 
1 
55 
46 
74 
37 
42 
4 9  
8Il 
m 
1,140 
- 
- 
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6.8 FLIGHT SIMULATOR RESEARCH FACILITIES 
Manned hypersonic fl ight w i l l  place great demands on p i lo t  s k i l l  and judgment. 
There can be no subst i tute  for  a well-trained p i lo t  who is thorcughly knowledgeable 
about a l l  aspects of the vehicle and its operation. 
obtained by spending long hours at the controls of t he  vehicle, but tktis is impos- 
s ib l e  or impractical for  most advanced vehicles. The candidate f l ight similatcr 
f a c i l i t i e s  are a l l  extensions of current simulator techniques, w i t h  capabili t ies 
suited t o  the  hypothesized operational vehicles. Three facilities are proposed, 
two of which are engineering simulators and one of which is  a crew training device. 
I n  the engineering simulators, information on human response t o  the cabin f l i g h t  
emironment is gathered i n  mder t o  define the limits of a p i lo t ' s  ab i l i t y  t o  con- 
t r o l  t h e  aircraft and to establish minimum standards fo r  physical cues required by 
the  pi lot .  
characterist ics,  so that  the specific characterist ics of any actual hypersonic 
a i r c ra f t  design may be produced. 
Pi lot  training can best be 
The crew trainer  f a c i l i t y  is designed with variable f l ight simulation 
6.8.1 CFITEBIA - In  order t o  make the simulator as effective as possible, the 
a i r c ra f t  cabin, enviroriment, cbnd motiori should be r e a l i s t i c a l l y  simulated. These 
s i rulat ion factors tend t o  * - .  t he  p i l o t  more confidence i n  the procedures and 
evaluations carried out an ' r e  :imulator. %e motion simulation apparatus cm- 
s t i t u t e s  a major system of zh- flight simulator. Its function is of particular 
importance i n  hypersonic f l i g h t  vehicles because of the long distance betveen the 
vehicle's center of gravity and the cockpit. The relat ion of p i l o t  l o c a t i m  t o  
the vehicle cog. has a great efzect on the p i lo t ' s  a b i l i t y  t o  judge and control 
the t rue  movements of the a i rc raf t ' s  cog. and landing gear. This p i lo t  judgment 
is particularly important on landing t o  gauge the descent rate or control 
dutch r o l l  o s c i l l a t i a  and decrabbing. Ot3sr f l igh t  problems such as asymmetric 
loss of engine thrust could cause large md confusing cockpit movements t h a t  would 
require p i lo t  judgment t o  control. 
The simulator w i l l  have an exact duplicate of the cockpit t o  provide r e a l i s t i c  
training t o  the  crew member. 
a b i l i t y  of t h e  simulation-computer t o  apcurately reproduce t h e  correspondinq phys- 
i ca l ,  e lec t r ica l ,  and dynamic response when the a i r c ra f t  controls are actuated. 
V i s Q a i  cues of exterior te r ra in  for takeoff ani! landing are of pp-eat benefit i n  
aiding t h e  p i lo t  t o  Judge distances, fiare al t i tudes,  and t h e  control response of 
t h e  vehicle. 
The capabili ty of t he  simulator w i l l  depend on t h e  
A typical six-degree-of-fYeedom fligl , ,  simulator w i t h  a visual simulztion 
system i s  shown i n  Figure 6-78. 
6.8.2 
i n  s ix  degrees of freedom, but physical and economic l imitations prevent them from 
reproducing t h e  magnitude and duration of in-flight accelerations. 
ment can, however, be a t t e n u t e d  so as t o  give r e a l i s t i c  resgonses t o  the  crew 
while keeging 3he f a c i l i t y  withfn real is t ic  limits. 
ANALYSIS - Advanced simulators can now provide r e a l i s t i c  motior; simulation 
In-flight move- 
b c e l l e n t  simulator rzsirlts have been obtained from Apollo and other modern 
simulat.crs using new hybrid digital-analog computers. 
hybrid simulation computers combine the best a t t r ibu tes  of t h e  d i g i t a l  and analog 
com?uters i n  R single system. 
These second gelleration 
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FIGURE 6-78 FLIGHT SIYUIATOR FACILITIES SCHEMATIC 
$3- 
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Project ions of near-term state-of-the-art advances i n  v i s u a l  display tc(*ti- 
nology indicate  that 'large, spherical  v i sua l  image generators will t ~ c -  4 : . : J ; L ~ J .  ;f 
project ing l a rge  color t e l e v i s i c n  p ic tures  on a screen i n  f ront  of the cockilit 
windows. 
simulated derpend on t h e  topography model that  is te lev ised  and proJected onto the 
screen. 
The accuracy of the  F ic ture  and t i m e  duration af t h e  approach that c a n  be 
6.6.3 
cons is t s  of t h r e e  separate  simulation facil i t ies (designated FS1, FS2, and E'Pj )  
DESIGN CHARACTERISTICS AND COST SUMMARY - The f l i gh t  simulator fac il i t y  
combined i n  a common building t o  best u t i l i z e  ccmon u t i l i t i e s ,  services, drt:.? 
acquis i t ion,  computer services ,  and personnel. A descr ipt ion of each facility and 
a detai'_ed l is t  of test equipment determined t o  be adequate t o  perform t h e  indicated 
test ; a c t i o n  are presented i n  Figure 6-79 8 4 .  In Figure 6-80, t h e  costs are 
shown for the  integrated f a c i l l t y .  A 
l ist  of u t i l i t y  and service requirements for the  f l i g h t  simulator f a c i l i l y  i s  pre- 
sented i n  Figure 6-52. 
Operating costs are shorn i n  Figure 6-81. 
FIGURE 6-79aCOIMUOWLY SHARED BUILDING AR)D UTILITY ITEMS FOR THE 
CREIll7RAIWER (FSI), TAKEOFF MD LAWDlMG EWGINEERING SIMULATOR (BZ), 
AHD LAUNCH-CRUISE EWGIMEEWIWG SIMULATOR (Fa) SIMULATIOW FACILITY 
Building Envelope 53,000 Pt2 (4,920 m2) 
S i t e  Preparation 
Footings and Foundations 
Floors 
Office area and computer complex slab 
floor - 
Elevated floor for computer complex 
Equipment r o o m  slab floor 
Steel &ami= (Material ma Erection) 
Walls and Roofs (Material ania Erection) 
Interior Walls 
VentilatS n 
Heating 
camfort Conditioning 
Util it ies (mectricity, GZM, water) 
Subtotal 
Contingenqy 10% 
Subtotal 
Architectural ana Engineering Fees 6% 
Management Ebnia Construction Coordination 
Fees 4% 
mI!r 
COST 
E3crlmDm 
COST 
TOTAL 
COST 
13,700 
14,430 
32,500 
24,600 
261,000 
108,300 
91,000 
7,500 
60,000 
20,000 
140,000 
782,230 
78.000 
860,230 
53. ,600 
34.400 
946,230 
1,00O,000 
40,500 
54,000 
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i UNIT 
ITEM - COST I I 
I 
FIGURE 607% COWONLY SHARED BUILDING APlD UTILITY ITEMS FOR THE 
MD LAUNCH-CRUISE MGlW EERlNG SIMULATOR (FS3) SlllllULATlOAI FACILITY (CONTINUED) 
CREW TRAIWER [FSl), TAKEOFF AND LANDING EAIGINEERING SIMULATOR (FSZ), 
mmEm 
COST 
i 
$ 
! Substation 
! Refrigeration System 
i 
t 
I 
Hydraulic System 1,500 gpm @ 3,000 psig 
(5.7 m3/min @ 2070 Ii/cm2) 
i 
I 
i 
Total Services 
! 
TOTAL 1 
COST 
! 
300,000; 
I 
200,000~ 
317 , 000: 
911 , 500: 
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FLIGHT SIMULATOR FACILITIES FS1 CREW TRAINER FACILITY 
Facili ty Furpose: 
This f ac i l i t y  w i l l  provide functiLm and response t r a i n i v  i n  t h ,  f l i g h t  
vehicle C ~ Z W  station environment. 
action-vehicle reaction characterist ics i n  a l l  plausible f l i g h t  phases t o  ensure 
adequate crew response t o  f l igh t  situations. 
The simulation must include c r i t i c a l  crewman 
FIGURE 6-791 FACILITY DESCRIPTION AMD COSTS - FSl 
ITEM 
Eqiaipment 
Crew Trainer (FS~) zonsisting of i n e r t i a l  
block, six-degree-of-freedom platform, 
1,500 l b  (6,660 IN) 1. 743 longitudinal 
acceleration, + 5g ver t ica l  accelci &%ion, - 4 lg lateral Gceleration, 1,0000/sec2 r o l l  
500°/sec2 pitch %nd yaw; crew, instructor, 
and operator stations; v i s u a l  display, 
motion system and software; shaker system 
(four 10,000 lb (44,480 M) shakers) 
Installation (25% of total. t r a ine r )  
System integration and checkout 
(2% of tottit. trainer) 
Computing complex with d ig i t& and 
malog comp'bers and peripBerL 
equipment 
Total Equipment - FS1 
I 
 
COST 
Ex!nmDEn 
COST 
TOTAL 1 
COST ! 
8,740 ,OO( 
2,180 ,oo( 
175 ,OO( 
1,660 ,oo( 
12,755 ,OO( 
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FSZ TAKEOFF AND LANDING SIMULATOR FACILITY 
Facility Purpose: 
This facility will be used to develop and evaluate viziisl cues rlr~ccl.::srt;-:r 
reliability and safety in takeoff and landing flight phases. 
to establish crew capability or effectiveness under the physical environment31 
conditions during takeoff and landing. 
It will ~ S C J  be u::t‘~i 
FIGURE 6-79~ FACILITY DESCRIPTION AND COSTS FSZ 
. 
ITEM 
- Equipment 
I 
I 
I 
I 
i 
t 
1 
i 
1 
I 
I 
I 
i 
- 
Takeoff and Landing Simulator (FS2) 
Consisting of inertial block, six-degree- 
of-freedom platform, 2,500 lb (11,100 N) 
+ 10 g longitudinal acceleration, + 7g 
Yertica acceleration, + 2g laterai accel- 
eration, 1,500~/sec2 roil, l,0000/sec2 
pitch m d  yaw; crew, instructw, aad 
operator stations; v i s u a l  display, motion 
system and software; shaker system ( f o u  
15,000 1L (66,600 I? shakers) 
Installation (25% of total simulator) 
System integration ad checkout 
(2% of total simulator) 
CompQting complex with digital and 
analog computers and peripheral 
equipment 
I Total Zquipment 
I 
i 
I Common Building and Utility Costs 
1 
I 
I Grand Total - FS,? 
UNIT 
COST 
I 1 
9,150,0001 
I 
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FS3 LAUNCH4RUISE SIMULATOR FACILITY 
Facili ty Purpose: 
Provides development and evaluation of motion and visual cues during launch, 
boost, glide, and cruise flight phases. 
of crew perfork - ~ c e  capabilities during these flight phases. 
FIGURE 6-794 
It is  a lso  needed t o  provide assessment 
FACILITY DESCRIPTION AND COSTS - FS3 
Equipment 
Launch-Cruise Engineering Simulator Consist- 
ing of i n e r t i a l  block, six-degree-of-freedom 
platform, 2,500 l b  (11,lOON) , 2 log longitu- 
a n a l  acceleration 2 7g v e r t i c d  acceleration. - =+ 2g lateral acceleration, 1,500Q/sec2 roll 
l,OOOO/sec pitch and yaw; crew, instructor, 
and operator stations ; visual display , 
motion system, and software; shaker system 
four 15,000 1b (66,600 N) shakers 
25,OOOg lb (111,OOON) centrifuge with hydrau- 
l i c  pass-thru, air pass-thru, 100 channels of 
control cabling, 60 ft (18.3 m) radius arm, 
200 hp (149 kW) varidrive 8 0-29 r p m  
Installation (25% of total. simulator) 
System integration and checkout (2% of 
t o t d  simulator) 
Computing complex with d ig i ta l  and malog 
computers and peripheral equipment 
Total Equipment - FS3 
UNIT 
COST 
l!xizlmm 
COST 
~ 
TOTAL 
COST 
99150,000 
410,000 
2 9390,000 
190,ooa 
1,660 ,ooc 
13,800,OOO 
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SOURCES: (a) Facility Definition Study for a Universal Airsrdt Flight Simultmr 
Trainer - F. L. Tuttle, F. A. B r m ,  W. J. Voss; Conductron - Mo. 
USAF (FTC) TR-68-6 April 1968 
(b) Richardson Engineering Service Manual of Comercial-Industrial 
Estimating and bginecring Standards 1.969 
( c )  Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Adjusted to a 1970 Base Year. 
(d)  McDonnell Douglas Budget History and Equipmeat 1r;ventory 
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FIGURE 640 HYFAC GROUND FACILITY kCQUlSlTlON COST SUMMARY 
Oollars - Facility Component -- - 
chambst 
I 
11,095 
11 ,os 
1,660 
1,660 
11,626 
11,626 
1,660 
1,665 
- 
Fs3 - 
12,140 
12,160 
1 a@ 
1,660 
- 
P F! 2: 
1,000 
95 
300 
200 
317 
912 
34,861 
34,86r 
8,980 
4,980 
I1,753 
- 
FIGURE 6-81 HYFAC GROU#) FACILITY OPERaTlCllG COSTS SUMMARY 
1% 
4 
a 
20 
2 
1 
348 
L.? 
588 
1,214 
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6.9 FLUID SYSTEMS RESEARCH F A C I L I T I E S  
Hypersonic vehicles w i l l  incorporate large integral  and non-integral tanks 
t o  s tore  the great quantit ies of fue l  t h a t  w i l l  be required for t h e  operational 
mission. Two types of f'uel my be used, e i the r  s torable  or cryogenic. C e r t a i n  
design and research problems are  common t o  both types of fue l ,  while others are  
peculiar t o  each. The candidate f lu id  systems t e s t  f a c i l i t i e s  are designed t o  
t e s t  fill scale  components and systems and t o  provide full duplication of t he  
local  environment. Each of t h e  f ive  f a c i l i t i e s  have environmental chambers, sized 
t o  t e s t  specimens ranging from f u l l  scale  fuel tanks down t o  fuel  system components. 
Simulation levels  range from a l t i tude  only t o  a l t i t v4c ,  thermal., three axis 
acce lera t im,  and dynamic mechanical loading. 
6.9.1 
1) thermal protection of fuel storage tanks, 2) dynanic f u e l  s losh,  and 3) high 
volume flow-rates required for rapid vehicle refueling. 
vehicle designs, thermal balance of the a i r c r a f t  will depend on the  heat absorption 
character is t ics  of the fuel.  
unexplored area on past  programs. Previous slosh s tudies  were primarily concerned 
with s m a l l ,  compartmenta3ized ving or fuselage fuel ce l l s  on contemporary jet  air- 
craft o r  i n  large vertically accelerated rocket fuel tanks. 
vehicle w i l l  u t i l i z e  large in tegra l  tanks para l l e l  t o  the vehicle center l ine,  but 
these tanks w i l l  be subjected tc horizontal  accelerations,  rather than axial ver t i -  
ca l  acc?lerations as i n  a rocket l  that w i l l  cause long duration slosh modes t h s t  
could seriously affect the vehicle 's  w e i g h t  d is t r ibut icn and dynamic character is t ics .  
H i g h  volu?e refueling flo-i rates are required t o  enable mil i tary vehicles i n  partic- 
ular t o  have a quick turnczounl  time for  a sl-bseqwnt missior,. 
CRITERIA - Problems common t o  s torable  and cryogenic fuels include: 
In  many hypersonic 
Dynamic slosh may be an importax,  but v i r tua l ly  
The hypersonic 
Storable fuels w i l l  nat  pose the technological, operational, haridling 
and safety problems that w i l l  be posed by cryogenic fuels. 
experiences gained from manned spacecraft and research vehicles such as the X-15, 
crycqenic fuels have not been used i n  an operational manaed airCraf%. 
procedures m u s t  be developed fo r  the s&e manufacture, storage,  and handling of 
cryogenic fuels  at a i r f ie lds .  
efficiency and r e l i a b i l i t y .  
flux areas (500 Btu/ft2-sec or 5.65 x 106 W/m2) w i l l  present major challenges i n  system i 
aesigr , materials select ion,  and fabricat ion techniques, requiring extensive testing 
under r e a l i s t i c  environmental f l i g h t  conditions. 
Other than t he  l imited 
3pera t iona  
Cryogenic on-board fue l  systems must have increased 
Cryogenic heat exchangers t h a t  operate i n  high heat 
6.9.2 ANALYSIS - Cxrrent state of the  art test equipmmt can simulate most environ- 
mental ma loading conditions for  the f'uel storage and d i s t r i h t i o n  systems. 
major exception is probably i n  tes t ing  high f low rate cryogenic heat exchangers at 
high heat transfer rates. 
t o  test both s torable  and cryogenic fuel systems under opera t iona  environments. 
The 
A series of f ive  f lu id  test  f a c i l i t i e s  w a s  synthesized 
6.9.3 
consists of f i ve  test f a c i l i t i e s .  
handling, the  f a c i l i t i e s  must be separated, preventing the use of common buildings 
and services. 
on test  specinens up t o  the  major section s i ze  (see Figure 6-83). Fuel slosh 
t es t ing  w i l l  be conducted on representative sized tanks. 
duplicated are: 
DESIGN CHARACTERISTICS AND COST SUMMAEY - The f lu id  systems f a c i l i t y  concept 
Due t o  the safety problems involved i n  f l u id  
The f a c i l i t i e s  are  designed t o  simulate actual  f l i g h t  environments 
The other levels  t o  be 
a l t i tude ,  thermal, dynmic acceleration (3-axis), and dynamic 
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mechanical loading. The l eve l s  of environmental simulation and tes t  a r t i c l e  s i z e  
are shown i n  Figure 6-83. 
vibrat ion tes t  systems are  similar t o  those described i n  Section 6.6.3. 
flow system w a s  designed t o  test large-scale test  a r t i c l e s  and also f l u i d  system 
components. A f l u i d  flow f a c i l i t y  i s  shown i n  Figure 6-84. 
The mechanical load, a l t i t u d e  chambers, thermal, and 
The fuel- 
The proposea f a c i l i t i e s  and test equipment ?.re described i n  Figure 6-85 a-e. 
Total  f a c i l i t y  acquisi5ion and operating cos t s  are shown i n  Figures 6-86 and 6-87, 
respectively.  
requirements. 
Figure 6-88 sutmarizes the f l u i d  f a c i l i t y  u t i l i t y  arid serv ice  
FIGURE 6-83 FLUID SYSTEMS TEST FACILITY MATRIX 
lylechanical= Static and/or Dynamic Loads 
FSV = Full-Scale Wehide 
IIR =llllajorSedion 
C =Component 
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FIGURE 6-84 CRY OGENlC FUEL TEST SYSTEM SCHEMATIC 
RECLAMATION I 
LARGE SCALE TANKAX TESTS 
STORAGE P 
I 
mRN 
STACK 
t 
FUEL SYSTEN COMPOEJENT DEVEZX)PMEPJT - FUMCTI(BAL TESTS 
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ITEN 
F1 Cryogenic Fluid Heat Exchanger Research Facility 
U N I T  
COST 
Facillty Purpcse: 
%is facility is required to establish the operational characteristics ana 
reliability of crew, passenger, and cargo environmental control systems subjected 
to simulated flight conditions. 
FIGURE 6-85a FACILITY DESCRIPTION AND COSTS - F1 
Services 
A i r  Su?ply System 3000 scfm @ 150 psig 
(85 m3/min @ 133 N/cm2) 
Substation 100,000 kVA 
Water Supply 2000 gpm @ 80°F 
(7.6 m3/mi3 @ 3OoC) 
Cryogenics LH2 Storage 75,000 gal 
(284 m3) 
Refrigeration 
Total Services 
Equipment 
Environmental chamber 100 ft (30.4 m) 
long x 50 ft (15.2 m) diameter with 
steam ejector 
Thermai Control System 450 Channels 
@ 250 k V A / C h a n e l  
Heaters 10 Btu/ft2/sec (110,000 ‘rJ/m2) 
over 1G,000 sq f+, (929 m2) 
DatR 4cquisition 2500 Channels 
Transducers (25GO Units) 
Total Equipment. 
Grand Tota l  En-fironmental Coritrol Systems 
Test Facility (Fl) 
13.50/scf’m 
! !+ ua / S  cmm ) 
20/gpm 
(5300/m3/min) 
250 
EXTENDEI 
COST 
- 
TOTAL 
COST 
40 , 500 
i,600,000 
40 ,GOO 
750,000 
2 , 2blJ , 000 
4,710 , 500 
21,100,000 
230,000 
2,000,00~ 
2,500,000 
625,000 I 
26,455,000 I 
I
31 ~65,500 
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FIGURE 6-85a FACILITY DESCRIPTION AND COSTS - F1 (CONTINUED) 
SOIJRCES : ( a )  Richardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
(b) Mean's Average 1968 Construction Cost and Labor Index His tor ica l  
Average Adjusted t o  a 1970 Base Year 
( c  ) McDonnell-Couglas Corporation Engineering Eudget History and 
Equipment Inventory 
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F2  Cryogenic Fluid Heat Exchanger ,Research Facility 
F a c i l i t y  Purpose: 
Using cryogenic f l u i d s  fo r  duct inlet  thermal cont ro l  systems w i l l  r equi re  the  
use of t h i s  f a c i l i t y  fo r  applying high heat t r a n s f e r  rates t o  s t r u c t u r a l l y  loaded 
heat exchanger systems i n  order t o  evaluate heat protect ion ei’f‘iciency and s t ruc-  
tu ra l  adequacy i n  t he  thermal/rnechanical environments experienc.’ 3 i n  f l i g h t .  
FIGURE 6-85b FACILITY DESCRIPTION AND COSTS - F2 
ITEM 
Services 
A i r  Supply System 3,000 scfm 8 150 ps ig  
(85 rn3/min @ 103 N/cm2) 
Substation 25,000 kVA 
Water Supply 1,000 gprn 63 80°F 
(3.8 m3/min @ 3OoC) 
Tryogenics 187,000 g a l  (704 m3) LH2 
1 5  gpm (.OS rn3/min) I J H ~  Flow 
Refrigeration 
F i r e  Suppression (Argon Purge) 
Total  Services 
Equipment 
Hydraulic Power Supply 
Load Application Control System 
LO Channels 
Thermal. Environxent Control System 
( Igni t rons)  50 Channels @ 500 
Channel 
Heaters 500 Btu/ft2/sec over 50 sq ft 
(5,660,000 W/m2 over 15  m2) 
Mechar,ica;L E x c i t e r  System 10,000 lb 
(44,400 N )  shaker ( 3  Units)  
UNIT 
COST 
375/ft3 
15,000 
3,OOO/cksnnel 
5 ,00C/channel 
12,000/ft2 
70,000 
:129 ,000/m2) 
EXTENDED 
COST 
TOTAL 
COST 
40,500 
500,000 
20,000 
1,870,000 
1,056 
570,000 
A E  
3,039,050 
15,000 
30,000 
250,000 
600,000 
2L0,OOO 
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FIGURE 6-85b FACILITY DESCRIPTION AND COSTS - F2 (CONTINUED) 
ITEM I- 
Data Acqaisition System 2,000 Channels 
Transducers (2,000 U n i t s )  
Total  Equipment Cost 
Grand Total  Cryogenic Fluid Heat Exchanger 
Test (F2) 
UNIT 
COST 
1,00O/channel 
250 
EX'I'ENDED 
COST - 
.-- .-. 
TOTAL 
COST 
2,000,000 
-1 
f 
1 
500 ,oooj 
i 3,605,OOOi I 
$6,644,0501 
SOURCES: (a) Richudson Engineering Service Manual of Commercial-Iqdustrlsi 
Engineering Standards 
(b) Mean's Aversge 3968 Construction Cost and Labor Index Hi s to r i ca l  
Merage Adjusted t o  a 1970 Base Year 
( c )  McDonnell Douglas Corporation Engineering Budget Eistory and 
Equipment, L. iventory 
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F3 Cryogenic Fluid Heat Exchan2er Research Facility 
F a c i l i t y  Purpuse: 
The use of cryogenic, fue l s  w i l l  require  t h e  use of t h i s  f a c i l i t y  fo r  t h e  pre- 
liminary design evaluation of materials and system components f o r  operationhl 
r e l i e b i l i t y  and sa fe ty  throughout t h e i r  applicable thermal/phys i c a l  environmental 
range. 
FIGURE 6 - 8 5 ~  FACILITY DESCRIPTION AND COSTS - F3 
ITEM - 
3ervi c es 
A i r  Su p iy  System 5,000 rcfm @ 150 psig 
(141 m3/min @ 103 N/cm2 j 
Substation 2,000 kVA 
Vater Supply 100 g y  @ 8 0 O ~  (.4 rrr3/min 
@ 3OoC) 
Cryogenics 150,000 g a l  (568 m 3 )  LH2 
Slush Storage 
20,000 gpm (76 d / m i n )  LH2 Slush Flow 
Fi re  Suppression (Argon ;.urge) 
Refrigeration 
Total  Services 
E uiprnent 
Environmental Chamber 20 f t  long x 10 f t  
diameter (6.1 x 3 m) dated at  1 t o r r  
(13, N/m2) 
Thermal Control System 20 Channels @ 
15 0 kVb./ Channel 
Heaters 25 Btu/ft2/sec over 100 f t 2  
(284,000 W/m2 over 9.3 m 2 )  
Mechanical Exciter System 2,000 lb 
(8,880 11) shaker ( 5  U n i t s )  
Data Acquisition System (500 Channels) 
UNIT 
COST - 
- 375/f t 3 
(13.250/m3) 
5 ,OOO/channeL 
15,000 
l,OOO/channel 
EXTENDED 
COST 
- 
TOTAL 
COST 
67,500 
60,003 
2,090 
goo ,000 
1,220,000 
5,959 
. -  570 
2,250,020 
211,001; 
7 .:ooo 
4'3 9 000 
go ,oc:c! 
500 ,OOC 
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FIGURE 6-85~ FACILITY DESCRIPTION AND COSTS - F3 (CONTINUED) 
Trans2ucers ( 500 Units ) 
Total Equipment 
lrand 'lata1 Cryogenic Diel System Components 
Z-valuation Facility (3) 
S X l X E S :  (a! 3ichsrrlson Engineering Service Manual of  Commerckl-Industrid 
Ekgi neering Standards 
(b) Mea's Average 1968 Construction Cost and Labor Index Historical 
Average Acusted to a 1970 Base Year 
(c )  McDonnell Dotrplas Corporation Engineering Budget History and 
Eqaipnent Inventcry 
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ITEM 
I 
Services 
F4 Cryogenic Fluid Heat Exchanger Research Facility 
Facility Purpose: 
This facility will be used in establishing the performance characteristics an< 
functional adequacy of cryogenic fuel systems or major subsystems when subjected to 
flignt environment conditions 
r 
1 Substation 1,600 kVA 
' 
Water Supply 1,~30 gpm @ 8 0 ' ~  
(4 m3/min @ 3OoC) 
Cryogenics 375,000 G a l  (1400 d) E2 Slush 
Storage 70,000 gpm (260 m3/min) LH2 Slush 
Flow 
Fire Suppression (Argon Purge) 
Refrigeration 
Tot a1 Services 
Equipment 
Environmental Chamber 100 f't long x 30 f't 
dia (30.4 x 9.1 m) Rated at 1 torr (133 I?/ 
m2 
Thermal Control System 200 Channels @ 150 
/Chan 
Eeaters 25 rtu/ftZ/sec over 1,000 ft2 
(289,000 W/m2 over 93 m2) 
14echanical Exciter System 2,000 lb 
(8,883 N )  Shaker (30 Units) 
Data Acquisition System 2,500 Channels 
Transducers (250 Units) 
Tot a1 Equipment, 
Grand Total Cryogenic Fuel System Functional 
Evaluation Facility (~4) 
-fiTIT 
COST 
20/gpm 
(5300 m3/min) 
375 /ft 3 
(13,25O/m3) 
5,00O/channel 
4 c o / n 2  
(4300/m2 
10,000 
1,00O/channel 
250 
CCST 
T4L * A  
COST 
206 ,00( 
3 3 , m  
20, cec 
2,250 ,OO( 
2,560 ,OO( 
268 ,oo( 
570 ,OO( 
5,907 $9 
5,300 ,OO( 
1,000 ,OO( 
400 ,OO( 
300,001 
2,500,001 
625.001 
10,125,001 
16,032,001 
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FIGURE 6-854 FACILITY DESCRIPTION AND COSTS - F4 (CONTINUED) 
SCITRCES: ( a )  Richardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
( b )  Means Average 1968 Construction Cost and Labor Index ?Iistorical  
Average Adjusted t o  a 1?70 Ease Year 
( c  McDonnell Douglas Corporation Engincering Rudpet History an2 Equip- 
ment Inventory 
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FS Cryogenic Fluid Heat Exchanger Research Facility 
F a c i l i t y  Purpose: 
T h ' s  f a c i l i t y  vi11 f u l f i l l  requirements for research ant de\elop.ent  i n  the 
storage s.nd nandling af cryogenic fuels. 
extrent-. !.a7ard poten- ia l  of t h e  cryogenic f u e l s  will requi re  developing safe, 
effici-ent .torage of fuels and expedient methods t o  de l ive r  fuel i n t o  t h e  vehicle.  
The larger vehicle  f u e l  capacity a.nd 
FIGURE H 5 e  FACILITY DESCRIPTION AHD COSTS - F5 - 
ITEM 
Iervices 
A i r  Si:;iy System 5,000 scfm f? 150 p i g  
( 1 4 1  &/min 103 T i / & )  
Substation 300,000 kVA 
Wzter Supply 1,000 gpm @ 80°F ( 4  m3imin @ 
3ooc } 
Cryogenic? 748,000 g i l  (2830 d) LH2 
Storage 70,000 apm (265 m3/min) LH2 Flow 
F i re  Suppression (Argor! Purge) 
'rotal  Services 
iquipzent 
Environmental Chamber 20 ft long x 10 ft 
d i a  (6.1 x 3 F) Rated at 1 tor r  (133 N/ 
m2) 
Data Acquisition 500 Channels 
Transducers (500 U n i t s  ) 
Total Equipment 
;rand Total  Cryogenic F ~ c l  Handling Tech- 
&lorn Facili,t.v (F5) 
1 ,OOO/c hannel 
250 
TCTXL 
COSTi 
I 
1) 
?9:,:018,45( 
211 ,OO( 
500 ,OO( 
125 ,oo( 
836 oo( 
13,774,45( 
Ri2hardson Engineering Service Manual of Commercial-Industrial 
Engineering Standards 
Mean's Average 1968 Construction Cost an3 Labor Index His tor ica l  
Average Adjusted t o  a 1970 Base Year 
McDcnnell-Douglas Corporation Engineering Budget H i  ?ory and 
Equipment Inventory 
REPORT MDC AOO:3 0 2 OCTOBER 1970 
VOLUMEH PART 1 
FIGURE 6-86 HYFAC GROUND FACILITY ACQUISlllON COST SUMMARY 
Facility Caqmeitt - 
n - 
41 
750 
1 m  
2280 
40 
4,711 
!1,100 
2 , m  
39 
23,330 
2,500 
625 
3,125 
31,166 
Do!W - _ _  -
F2 - 
41 
1,871 
500 
5?0 
28 
38 
3,MO 
600 
250 
210 
1,060 
a5 
2 , m  
500 
2,500 
6,645 
- 
 
F3 - 
68 
2,120 
60 
1 
2 
6 
211 
40 
75 
30 
416 
500 
125 
625 
3 ,21  
- 
- 
F4 - 
2ai 
4310 
34 
570 
w 
268 
5,9@ 
5 3 0  
400 
1,000 
$8 
7,000 
2,529 
625 
3,125 
16,033 
I 
- 
Fs - 
68 
1231 
465 
20 
6 
12,989 
211 
211 
500 
125 
625 
13,775 
- 
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FIGURE 6-87 HYFAC GROUND FACILITY OPERATING COSTS SUMMARY 
Dollars Per Hour 
F Operirting Cost Factor L 
Building Depreciation = 2 5  Building Cost in $1000 x 
Buiwimg ~lsaintenance = h i M n g  cost in $1ooO x 10-2 
Eledricity for Equipment = 1.3 kVA a 10-2 
Electricity for phmps = 1.3 gpm x 10-2 @@/S= X 
Electricity for Refrigeratian = 1.3 TORS x 10-2 (25.2 W 
steam = 6  SCFM x 10-5 (3.45 kg/ 
Equip@ Depreciation = 2 5  Equipment Cost in $loo0 x 10-2 
Equipment Ilhinteenance = 2 Equipment Cost in $loo0 I 10-2 
Data Acqhition System IUaintenauce = 1.25 Data Acquisition in $1000 x 10-1 
Manpower = 6.67 Data Channels x 10-2 
Data Acquisition System Depreciation = 7.15 Equipment Cost in $1000 x 10-2 
Illlisc. Equipinent Depreciation = 7.15 Equipment Cost in $1000 x 10-2 
Misc. Equipmeat Maintenance = 1.25 Equipment Co in $1000 x 10-2 
1 
Electricity for Air = 3.9 scfm x l f l  ClBrn3/%C I 10- ? 
W- = 8.63 w 10-4 6.4 r /se~ 10-7) x 10'2) 
Manpower (Unique Equipment) = No. MenAtem x 10 e 
Total Operating Costs $/Hour 
1,300 
26 
SI 
2 
700 
560 
391 
167 
224 
- 
3,427 - 
F2 
- 
325 
13 
14 
1 
1 
108 
82 
312 
133 
179 
3 
1 
1,172 - 
F3 
26 
261 
2 
3 
1 
67 
53 
78 
33 
45 
569 - 
- 
F4 
~ 
21 
923 
6 
1 
322 
258 
391 
167 
224 
- 
2,312 - 
7 
F5 
I 
3,900 
323 
2 
1 
329 
263 
78 
33 
45 
-- 
5,576 - 
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PRECEDING PAGE B M K  NOT FILMEL, 
FIGURE 6-88 HYFAC NONFLOW FLUID RESEARCH FACILITY AREA, 
MAJOR EQUIPMENT AND UTILITY SUMMARY (ENGLISH UNITS) 
Facility 
Environmental Control Systems 
Cryogenic Fluid Hat Exchanger 
Test 
Cryogenic Fuel Handling 
Technology 
Cryogenic Fuel System 
Components Evaluation 
Cryogenic Fuel System 
Functional Evaluation 
- 
Code 
- 
F1 
F2 
F3 
F4 
F5 
- 
Utilities 
Major Equibient Requirements 
(Gross Sq. Ft.! 
100 ft x 50 ft Diameter Environmental Chamber for Pressures 
to 1 Torr. 
Argon Fire Suppression System. 
20 ft x 10 ft Diameter Environmental Chamber for Pressures 
to 1 Torr. Argon Fire Suppression Sysbm. 
100 ft x 30 ft Diameter Environmental Chamber far Pressures 
to 1 Torr. Arga Fire Suppression System. 
20 ft x 10 ft Diameter Environmental Chanber for Pressures 
to 1 Torr. Argon Fire Suppression System. 
Compressed Air Substation 
- 
Fluic 
s 
t 
00 
m 
.II - 
0 
Fluid Flow - 
- d f  
r " 3  
- s i  
tu 
- -  
L o r n  
9 0 9 0  
i e  o m  
b d  
0 
0 
0 
Fluid Storage 
~~ 
Refrigeration 
0 
gg 
!if 
E# 
1- !!x e" 
2,500 
2,000 
500 
2,500 
500 
t - 
Test Equipment 
Heat flux: 500 Btu/sq ft/sec Over 50 sq ft Three 10 kip 
StIabrS. 
Heat Flux: 25 etu/sq ft/sec Over 100 sq ft 
Facility 
Environmental Control Systems 
Cryogenic Fluid Heat Exchanger 
Test 
Cryogenic Fuel Handling 
Technology 
Cryogenic Fuel System 
Components Evaluation 
Cryogenic Fuel System 
Functional Evaluation 
code 
- 
fl  
F2 
F3 
F4 
F5 
- 
3Um x W.3m Dia Environmental Chamber for Pressuresfb 
133 N/m2. 
Argon Fire Suppression System. 
6 . h  x . O h  Dia Environmental Ckaalber for Pressures to 
30.5111 x .14m Dia Enviromntal Ghimber for Pressures to 
6.@in x .Em E a  Enviroimenta: Chamber for Pressures to 
133N/m l Argon Fire Suppression System, 
133 N h  ? Argon Fire Suppmmi $yyst?m. 
133 N/m 8 Algor. Fire Sappressicr: 'ysttiln, 
-- 
Water 
Utilities 
wsed Air Substation 
0 
Fluid Flow 
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3 fJ&f)om . ..- W M E  -_ I-- 
FIGURE 6-88 HYFAC NONFLOW FLUID RESEARCH FACILITY AREA, 
MAJOR EQUIPMENT AND UTILITY SUMMARY (S.I. UNITS) 
Fluid Storage 
L 
Refrigeration 
2,500 
2,000 
500 
2,500 
500 
2,500 
2,000 
500 
2,500 
500 
Test Equipment 
Heat Flux: 1.13'~ 16 Watt/meterz Over 929m2. 
Heat Flux: 5.67 x 106 Wattirneter2 Over 4.64m2 Three 
4.44 x 106 N Shakers. 
Heat Flux: 2.84 x 105Watt/meter2 Over 9.291112. 
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6.10 S'JBSYSTEMS , AVIONICS , AN9 RADIATION RESEARCH FACILITIES 
The candidate subsystems test  f a c i l i t i e s  are both designed fo r  tests o f  f u l l  
s c a l e  components and systems. Couplete dupl ica t ion  o f  t h e  . l x s J .  environment i s  
provided. 
Two candidate avionics  f a c i l i t i e s  are prcposed, both o f  which t e s t  models sf 
t h e  opera t iona l  a i r c r a f t  and i t s  antennae. 
provided f o r  adequate r a d i a t i o n  data. They are extensions of curl-ent capab i l i t y  i n  
terms of s i ze  and represent  no increase  i n  technology. For f l i&t  conditions of 
Mach number 12 or less ,  te lemetry can be accomplished a t  P Band f'requencies (2-3 GEz) 
anC communications can be accomplished at  X Band frequencies  (10 Ghz) . 
I n  such f a c i l i t i e s ,  enough range must be 
The rad ia t ion  tes t  f a c i l i t y  i s  an attempt t o  provide a t e s t i n g  c a p a b i l i t y  fo r  
the  simulation of  t h e  r a d i a t i o n  acd b l a s t  environment encountered by p o t e n t l a l  
opera t iona l  m i l i t a - j  systems on small s i zed  t es t  specimens. 
Test spec imns  are material samples , s t r u c t u r a l  specimens , avionic systems , 
and cryogenic tanks.  
6.10.1 CRITERIA - The f i v e  research f a c i l i t i e s  were synthesized t o  develop and tes t  
hypersonic vehic le  subsystems a r l  components under spec ia l ized  and unique environ- 
men ta l  conditions.  
The opera t iona l  veh ic l e  w i l l  r e q u i r e  t h e  use of an advanced f i r e  de tec t ion  and 
suppression system. I n  crder t o  ga in  r e l i a b i l i t y  -nd confidence i n  t h e  system, it 
w i l l  be necessary t o  tes t  t h e  system operation under f l i g h t  environmental con- 
d i t i o n s .  The system must r e l i a b l y  be able t o  d i s t i n g u i s h  between a c t u a l  f ires and 
t h e  hot envimnment encountered by t h e  veh ic l e  during hypersonic c ru i se .  I n  
addi t ion ,  t h e  system must -oe workable i n  cryogenic environments. 
Landing gear, t i r e s ,  and energy absorption systems f o r  heavy hypersonic ve- 
h i c l e s  are o f  p a r t i c u l a r  importance because of t h e  extreme thermal Pnvironments 
they w s t  endure and t h e  high landing speeC c h a r a c t e r i s t i c s  of t h e  vehic le .  Special  
t i r e s ,  brakes , bearings , and hydraul ic  systems must be developed f o r  hypersonic 
use. 
a landing g . i r  f a i l u r e  on an actual. landinli?;, a ground tes t  f a c i l i t y  i s  required 
t h a t  xi11 P ~ l l y  simulcte t h e  a i r c r a f t  sink speed and landing energy, and t h e  landing 
ro l l -out  and braking c h a r a c t e r i s t i c s  of t h e  vehic le .  
I n  or6:r t o  develop t h e  required landing systems and t o  minimize the  r i s k  of  
Mi l i ta ry  opera t iona l  vehic les  w i l l  be requirzd t o  demonstrate t h e i r  a b i l i t y  t o  
survive a c lose  proximity nuclear blast. 
shock, thermal impulses, t:id nuclear radiation. These environments must be simu- 
lated i n  ground t e s t  f a c i l i t i e s .  
The vehic le  w i l l  be subjected t o  mechanical 
Owing $0 t h e  s e n s i t i v i t y  of t he  v e h i c l e ' s  aerodynamic configurat ion t o  pro- 
tuberances,  f l u sh ,  recessed antennas must be developed t o  supply antenna r a d i a t i o n  
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p a t t e r n s  compatj.ble ? 5 t h  communication, naviga t ior  and e l e c t r o n i c  warrare funct ions.  
The h igh  dynamic l o d i n g s  and extreme temperature environment present  formidable 
meterials and design problems. Flush, recessed antennas present  problen; i n  t r ans -  
mi t t i ng  and rece iv ing  1 .le-of-sight microwave o r  rad io  s i g n a l s .  These antennas 
must be developed unde:. f l i g h t  env i romen t s .  
6.10.2 ANALYSIS - The F i r e  Suppression Systems Test F e c i l i t y  (SS1) w i l l  be re- 
quired t o  evaluate  t h e  f i r e  cletection and suppressicn system under f l i g h t  en-Jiron- 
m e n t a l  condi t ions.  Current environmental tes t  equipment can d u p l i c a t e  t h e  f l i gh t .  
condi t iocs .  For t h e  p ro tec t ion  of t e s t  personnel,  a ca t a s t roph ic  f i r e  e:<tir,guish- 
i n g  system r u ~ t  be incorporated i n  t h e  t e s t  f t l c i l i t y .  
ext inguishing system i s  an argon-foam system. This ext inguisher  i s  e f f e c t i v e  f o r  
hydrocarhon fuel f i r e s ,  but f o r  cryogenic f i res  where LO2 i s  present ,  no system has 
been found t.0 be e f f e c t i v e .  
The most e f f ec t ive  f i r e  
The Lacding Gear Test F a c i l i t y  (ES2) w i l l  cons i s t  of a drop tower and a sled- 
These f s c i l i t i e s  are within t h e  present  state-of-the-art  and should not t r a c k .  
present  aw grea t  development problems. 
Materials samples, s t r u c t u r a l  components, e l e c t r q n i c  systems, and cryogenic 
The f a c i l i t y  was l imi ted  t o  coupon-sized tes t  a r t i c l e s  t o  l i m i t  
tanks w i l l  be rlibjected t o  a simulated nuclear blast i n  t h e  Nuclear B l a s t  Simulator 
F a c i l i t y  (Rl). 
i t s  cost  3ecause it w i l l  not have a high research value.  The avionic  sys+,ems con- 
t a i n e d  i n  t h e  veh ic l e  w i l l  be  tes ted i n  two f a c i l i t i e s ,  Anechoic Chamber (Al) 
and the  Microwave Range (A?) .  
6.10.3 w i l l  sub jec t  the e n t i r e  full- 
stele a i r c r a f t  t o  simulated f l i g h t  a t t i t u d e  arid thermal environments w h i l e  imposir., 
opera t iona l  f i r e  hazard conditions.  COI@ A e  cryogenic and s.t.orubie nydrccarbon 
f u e l  f l o v  i s  provided. 
FACILITY DESIGN DESCRIPTIONS AND CXTS -- SSI 
The Landing G e a r  Test F a c i l i t y  ( S S Z )  w i l l -  c m c i s t  d f  a drop tower t o  v e r i f y  
t h e  energy absmpt ion  c h a r a c t e r i s t i c s  o f  t h e  gear and a high load sled t r ack .  The 
drop tower w i l l  have a maximum drop height  of  75 f'. (23.9 m )  and a maxirnm load 
c a p a b i l i t y  of  750,000 l b  (3,330,000 N). 
t o  test  the  gear and t ires imder t h e  high 3.oading and fast touchdown speed.s expectcd 
of t he  hypersonic vehic le .  
provide a t es t  time of 45 sec a t  a m a x i m u m  speed of 350 knots (119 rn/sec) 
t r a c k  should be capable of  supporting a 750,000 lb (3,300,000 N )  load .  
e r a t i o n  force w i l l  be appl ie$ by rocket  or turbofan engines. 
The high load  s led t r a c k  w i l l  b e  c t i l i z e d  
A t r a c k  length  of 30,OCO f t  (9.15 km) w a s  cbosen t o  
The 
The accel-  
me mi. ,,uLiear -, Blast Simulator (Rl) w i l l  subjecl; compsnent-sized test  a r t i c l e s  
t o  in tense  nuclear r a d i a t i o n ,  theymal shock, and mechanical shock,. Nuclear r ad ia t im  
simulation w i l l  include gamma r ay ,  X-ray, and neutron r ad ia t ion .  
t o  1500 B/sec ft2 (1705 W/m2) w i l l  be simulated. 
Thermal pulses  up 
Antenna r a d i a t i o n  p a t t e r n s  and veh ic l e  r e f l e c t i o n  c h a r a c t e r i s t i c s  w i l l  he 
established i n  t h e  Anechoic Chamber F a c i l i t y  (Al). The antenna r a d i a t i o n  patterIi2 
and opera t iona l  impedance chz rac t e r i r t . i c s  of the  veh ic l e  w i l L  be e s t eb l i sheu  on t h e  
Microwave Range (A21 
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A description and a detailed l is t  of test equipment and building cos ts  are 
presented i n  F igure  6-89 a-e. 
operating costs  sre Fresented i n  Figures 5-99 and 6-51. 3'igm-e 6-92 presents & 
summary of f a c i l i t y  se rv ice  and u t i l i t i e s .  
A surumary of t o t a l  acquis i t ion costs  and f a c i l i t y  
Figure 6-93 presents a c m p ~ f s a ~  of test a r t i c l e  s i z e  wid en-riromentai 
From these comparisons it can be r2adi ly  observed tha t  it simdlation le-rels. 
i s  apgroximately 2.7 times more expensive t o  simulate both a l t i t u d e  and thermal 
environments on a ful l -scale  vehicle than t o  simulate only the the rna l  environment. 
REPORT MDC A0013 0 2 OCTOBER 1970 
VOLUMEII PART 1 
SS1 Fire Suppression Systems 
EXTENDED 
COST 
Zacility ?urpose: 
T h i s  f a c i l i t y  I 
TOTAL 
COST 
i l l  be required t o  eva lua te  t h e  ne,--sai il soph i s t i ca t ed  f i re  
j e t e c t i o n  snd suFpression systems over t h e  range o f  a l l  f l i g h t  environmects. The 
t h e r m z l  enuirorments indtlced by hg-prsonic f l i g h t  i n  conjunction with a w i a e  racge 
zf ambient pressure environments i s  conducive t o  t h e  e l eva t ion  of  f u e l  oxidat ion 
s ta tes  t o  a "cool flame" condi t ion (consumption of f u e l  a t  very low rates o f  heat 
>:eneration). A t  c e r t a i n  ambient conei t ions  t h i s  ox ida t ion  process can change t o  
:i=rmal, o r  ex+remely r ap id  combust ion,  w i t h  c a t a s t roph ic  r e s u l t s .  The f a c i l i t y  
must,  t he re fo re ,  perform evaluat ions over a l l  f l i g h t  plan and abor t  plan environ- 
:lent s .  
FIGURE 6-89a FACILITY DESCRIPTION AND COSTS - SSI 
- - U I I U A & & ~  = 1; 1 4 i m -  U A A V  7n-rela2e 
S i t e  Frecarat ion 
: s o t  I lies and Foundations 
?loors 
- 
S t r u c t u r a l  Floor 3 f t  (1 m) t h i c k  steel 
re inforced  concrete on bed rcck 
Lateral 8?TF beam tie-downs imbedded i n  
s t r u c t u r a l  floor 
Shop and oI'fice area 6 inc9 (15 c m )  s l a b  
f l o o r  on grade 
S tee l  Framing (lkterials and Erec t ion)  
i n i n r i o r  Walls (Materials and Erect ion)  
C h a m D e r  - 12 Gage S t e e l  i n  place 
Welding 
Door and Track 
Insu la t i rG 
. _ I  r \  P2iCtiCg ( 2  2Ua.L u r u s r l )  
Subtotal. Chamb2r 
Vent i 1 a t  i on 
iieat i ng 
i l t i l i t i e s  ( E l e c t r i c i t y ,  Gas , Water) 
Subto ta l  
Contingency 10% 
s u t  t o t a l  
- 
UNIT 
COST 
150,000 
100,@00 
200,000 
gq nno 
600,000 
-/ Y 
8,000 
38,000 
2,154,000 
400,OOO 
1,075,000 
6,000 
50,OOO 
115,000 
4,378 7498 
437,800 
4,816,298 
REPORT MDC A0013 0 2 OCTOBER 1970 
VOLUMETI 0 PART 1 
FIGURE 6-89a FACILITY DESCRIPTION AND COSTS - SS1 (CONTINUED) 
ITEN 
Architectural and Engineering Fees 6% 
Management and Construction Coordination 
Fees 4% 
Total Building Envelope 
Total Building Ehvelope Adjusted tJ 1970 $‘s 
Services 
Air Supply System 1,000,000 scf’m @ 150 psig 
(28,300 m3/min @! 103 nT/cm2) 
Substation 775,000 kV-4 
Water Supply 20,OCI) gpm @ 
(76 m3/min @ 30°C) 
Cryogenics 1,500,000 gal 
Stcrage 
80°F 
56,800 m3) LH2 
Steam Bjector 1,000,000 scfn; (28,300 m3/ 
min) 
Fire Suppression System 
Total Services 
Zquipment 
Data Acquisition System 7500 Channels 
Thermal Contro: System 1,6oc Channels 
@ 500 kVA/Chanrlel 
Heaters 
Transducers (7,500 Units) 
Total. Equipment 
Grand Total Fire Su2pression System Test 
Facility (ss1) 
UNIT 
COST 
13.50/scfh 
I480;scmm) 
m l y m  
(5300/m /mix 
. ,OOO/Channe 
300/ft2 (3  
250 
m m m  
COST 
TOTAL 
COST 
288,300 
192,000 
5,296,298 
5,~rjO,OOO 
13,500,C’lO 
12,kOC ,OOC 
400,000 
15,000,ooo 
120,000,000 
19,700,000 
181,000,000 
7,500,000 
8,000,ooo 
12,200,399 
1,875,000 
29 575,000 
216,175,000 
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FIGURE 6-89a FACILITY DESCRIPTION AND COSTS-SS1 (CONTINUED) 
SOURCES: (a) Richardson Engineering Service Manual of Commercial-Ifidustrial 
mineering Standards 
(b) Mean's Average 1968 Construction Cost and Labor Index Historical 
Average Adjusted to a i970 Base  Year 
(c )  McDonnell-Douglas Corporation Engineering Budget Hfstory and 
Equipment Inventory 
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ITEM 
SS2 Landing Gear Test Facility 
COST 
F a c i l i t y  Purpse: 
This f a c i l i t y  vi11 be used t o  develop landing gear systems, and t i res ,  an6 t o  
evaluate energy absorbtion c a p a b i l i t i e s  of t h e  landing gear systems. It cons is t s  
of two basic  p a r t s ,  a drop tower and a high load s l ed  t rack .  The drop tower w i l l  
be used t o  simulate vehicle  weight and s ink speed. A ro t a t ing  drum w i l l  simulate 
a i r c r a f t  forward veloci ty .  Tho s l e d  t rack  w i l l  simulate landing run-out. k. con- 
c r e t e  simulated runway w i l l  be l a i d  between t h e  t racks  E d  t h e  s l e d  w i l l  provide 
forward ve loc i ty  and cor rec t  normal loading of t h e  landing gear. I n  addi t ion t o  
checkout of spec i f ic  gear systems, t he  t r a c k  can be used for hydroplaning tests,  
anti-skid runway ground tests, and t i r e  tests f o r  all c lasses  of a i r c r a f t .  
Specif icat ions.  
b o p  Tower: 
Data Acquisition: 200 channels 
IIigh Load Sled Track: 
75 ft drop (23 m) ; 750 k i p  load (3,300,000 N) 
30 k f t  long (10 km) 
350 knots (180 m/sec) 
750 k ip  (3,300,000 N) 
FIGURE 6-89b FAClLlTY DESCRIPTION AND COSTS - SS2 
I UNIT 
Building Envelope 
S i t e  Preparation 
Footings and Foundations 
Floors 
S t ruc tu ra l  Floor 20 f t  (6.1 m) deep 
excavation t o  bed rock 
S t e e l  Framing (Material and Erection) 
Walls and Roofs (Material and Erection) 
Vent i la t ion 
Heating 
Util i t ies ( E l e c t r i c i t y ,  Gas , Water) 
Sub t o t a l  
Contingency 10% 
Subtotal  
Archi tectural  and Engineering Fees 6% 
7 
EXTENDED 
COST 
TOTAL 
COST 
5,000 
3,210 
50,000 
43,625 
16,500 
1,200 
7,500 
15,000 
142,035 
14,000 
156,035 
9,360 
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FIGURE 6-89b FACILITY DESCRIPTION AND COSTS - SS2 (CONTINUED) 
ITEM 
Nanagement and Construction Coordination 
Fees 4% 
Total Building Envelope 
Total Building Envelope Adjusted t o  1970 $?s 
3ervi ces 
A i r  Supply System 2,000 scfm @ 500 PSig 
(57 m3/min @ 345 N/cm2) 
Substation 150 kVA 
Total  Services 
Equipment 
Seneral Purpose Laboratory Equipment 
Drop Tower 650 Tons (5,760,000 14) 
3l.Z.d Track 
n - 4  ,. -4cquisition System 200 Channels 
Excaratiofi 60 f t  wide x 20 f t  deep x 
30,009 f t  long (18.3 x 6.1 x 9250 m) 
Concrete Track Base 
Track (Standard Railroad) 
Zquipment 
Transducers (200 Units)  
Total  Equipment 
Irmd Total Landing Gear T e s t  F a c i l i t y  
- 
UNIT 
COST 
13.50/scfm 
(480/scmm) 
EXTENDEC 
COST 
TOTAL 
COST 
6,240 
181,000 
27,000 
3,000 
30,000 
400 ,O@O 
200,000 
390,000 
2,100,000 
13,700,000 
4,500,000 
go ,000 
50,000 
21,430,000 
21,641,000 
SXP.CZS: ( a )  Richardson Engineering Service Manual. of Commercial-Industrial 
Engineering Standards 
( b )  Mean's Average 1968 Construction Cost and Labor Index His tor ica l  
Average Adjusted t o  a 1970 Base Year 
( c  ) McDonnell-Douglas Corporation Engineering Budget History and 
Equipment Inventory 
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R1 Nuclear Blast Simulation Facility 
F a c i l i t y  Purpose: 
This f a c i l i t y  i s  required t o  assess t h e  vulnerabi l i ty  of systems and struc- 
tural  components t o  t h e  a f f e c t s  of high i n t e n s i t y  thermal and nuclear i r r a d i a t i o n  
associated with a proximity nuclear detor+ation. 
FIGURE 6-89~ FACILITY DESCRIPTION AND COSTS - R 1  
ITEM 
Building Envelope 
S i t e  Pr iparat ion 
Footings and Foundations 
Floors 22,500 f t 2  (2080 m2) 6 inch 
(15 err.) s l a b  f l o o r  
Reaccor P i t s  
S t e e l  Framing (Materials and Erection 
WaLls and Roofs 
Shielding 
Yent i la t  ion  
Heating 
TJtilities ( E l e c t r i c i t y ,  Gas , Water) 
Sub t o t  aJ 
Contingency 10% 
Subtotal  
Archi tectural  and Engineering Fees 6% 
Mansgement and Construction Coordination 
Fees 4% 
Total  Building Envelope 
Total  Building Envelope Adjusted t o  1970 $'s 
Services 
A i r  Supply System 1,500 ci'm @ 80 psi 
(43 m3/min @ 55 N/cm2) 
A i r  F i l t r a t i o n  System 
Substation 5,000 kVA 
UNIT 
COST 
EXIXNEElj 
COST 
TOTAL 
COST 
6,000 
6,700 
22,500 
10,030 
117,800 
177,000 
1 ,000 ,0~0  
2,700 
30,000 
58,000 
1,430,700 
43,000 
1,473,700 
28,600 
19 , 000 
1,521 , 300 
1,551,000 
20,600 
100,000 
l a . ~ , O O O  
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FIGURE 6-89~ FACILITY DESCRIPTIONS AND COSTS - R1 (CONTINUED) 
ITEM 
Water Supply 2,000 gpm (6.4 m3/min) 
decont-5 nat ion f lu sh  
Cryogenics 
S t  orage 
25 g w  ( .1 
1,000 g a l  
25 gpm (.1 
m3/min) LO2 Flow 
3.2 m3) LH2 Storage 
1,000 g a l  (3.2 m 3 )  LN2 SJ- borage 
25 gpm I.1 m3/min) LII2 Flow 
Tota l  Services 
Equipment 
General Purpose Laboratory Equipaent 
Data Acquisit ion System 100 Channels 
Etgh I n t e n s i t y  Nuclear Radiation 
Sources 
6 - lo1? Rad/Sec over 0.5 f t 2  
X - 3 x 1013 Rad/Sec over 0.5 f t 2  
N - lo1' N/cm3/sec over 0.5 ft2 
(.04 m 2 j  
( .04 m2) 
( .04 m2) 
Ligh I n t e n s i t y  Thermal Radiat' on Source 
1,530 Btu/f t2/sec over 0.5 ft' f o r  
0.5 sec (1.7 x 107 W/m2 over .04 m2) 
Environmental Chamber 6 f t  long x 4 f t  
diameter (1.8 x 1.2 m) r a t e d  a t  1. Torr 
(133 N/m2)  
Transducers (100 Units)  
Total  Equipment 
Grand Total Nuclear Blast Simulator (R1) 
UNIT 
COST 
l,OOO/Channel 
EXTENDED 
COST 
- 
TOTAL 
COST 
43,000 
8,000 
1,750 
10,000 
1,750 
'i ,000 
10,000 
325,850 
4G0,OOO 
100 ,oco 
300,000 
75,000 
100,000 
100,000 
80,000 
25,000 
1,1s0,000 
3,056,850 
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FIGURE 6 - 8 9 ~  FACILITY DESCRIPTION AND COSTS - R1 (CONTINUEO) 
SOURCES: (a )  Richardson Engineering Service lknual  of Commercial-Industrial 
Engineering Standards 
(b) MeaT’s Average 1968 Construct.ion Cost and Labor Index H i s t o r i c r l  
Average Adjusted t o  a 1970 Base Year 
( c  ) McDonnell-Douglas Corporation Engineering Budget History and 
Eqcipnent Inventory 
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A 1  Anechoic Chamber 
r1::sility Purpose: 
T h i s  f x i l i t y  i s  necessary t o  provide a t o t a l l y  absorbing background t o  
sirnulate f r e e  space f o r  t h e  establishment of antenna r ad ia t ion  p a t t e r n s  and 
v c ! i i c l c  radar  r e f l e c t i o n  c h a r a c t e r i s t i c s .  
FIGURE 6-894 FACILITY DESCRIPTION AND COSTS - A1 
I TEN 
.- 
:- ' ,I 11 ding Envelope 
S i t  e Preysrat  ion 
Foot i l i a  and Foundat ions 
Floors 32,030 s q  f t  (2970 m ) 6 inch 
( 1 5  cm) Flab on Grade 
2 
::tee1 Frirning (Material and Erect ion 1 
I.l?L11S :tn i hoofs 
{-'ox? o r t  Zoridit ioning 
i ien t i la t ion  
. .t a t  i ng 
. ;til  ities ( E l e c t r i c i t y ,  Gas, Water) 
1;- 
Sub Tota l  
;:ant ingency 10% 
Sub To ta l  
.+irchitect.Lr.al and Enpineering Fees 6% 
rlar?s.gement #and Construction Coordina- 
+ ic?n Foes 4% 
Total  Building Envelope 
i -,t,:11 I:iiil.iiiny Envelope Adjusted t o  1970's 
1 i j-.ment 
G-rit3ra.l Purpose Laboratory Equipment 
d-lechoic Chamber 100 f t  x 100 f t  x 300 
f't, 1.onq (30.4 x 30.4 x 91.3 m )  
T,I.,del Pos i t ioner  1OO,OOO ft lb (135,600 
:]-A) Capacity Data Acquisi t ion System 50 
Channels Transducers (50 U n i t s )  
To ta l  Equipment 
- 
UNIT 
COST 
TOTAL '"ET -,,,,~- 
6 ,ooc 
16,43c 
21,4OC 
103,515 
112,50C 
20 ,ooc 
69 ,ooc 
467,345 
48,7C: 
536,045 
32 ,Si)( 
2 1  , 40C 
624 ,OO( 
100 ,OO( 
2,300 ,OO( 
40,00( 
50 ,oo( 
12 , TCC 
2,502,501 
3,126,50( 
MCDONN1511L AIRCRAFT 
6-230 .> ,c. iu-, J * - 
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TOTAL 
COST 
326,900 
1,200 
630 
10,3CO 
2,500 
600 
300 
1,800 
4,200 
347,530 
34,700 
382,230 
22,9co 
15,300 
420,430 
444,000 
100,000 
50,000 
40,000 
60,000 
12,500 
262,50a 
706,500 
A 2  Microwave Range 
F a c i l i t y  Purpose: 
This f a c i l i t y  i s  necessary t o  e s t a b l i s h  full s c a l e  antenna r ad ia t ion  p a t t e r n s  
and opera t iona l  impedance of antenna systems. 
FIGURE 6-89e FACILITY DESCRIPTION AND COSTS - A 2  
ITEM 
iuilding Envelope 
S i t e  Preparatiol: 'Include Clearing 6Lc 
Acres (2.6 km2)) 
Footings and Foundat ' ons 
Slab on Grade 
Floors 900 ft2 (84 m 3 ) 6 inch (15 cm) 
S t e e l  Framing (Material and Erec t ion)  
Walls and Rcofs (Mater ia l  and Erec t ion)  
Comfort Conditioning 
Vent i la t ion  
Heating 
U t i l i t i e s  ( E l e c t r i c i t y ,  Gas, Water) 
Subto ta l  
Contingency 10% 
Sub t o t a l  
Archi tec tura l  and Engineering Fees 6% 
Management and Construct ion Coordination 
Fees 4% 
Tota l  Building En., elope 
' o t a l  Bu i l l i ng  Envelope Adjusted t o  1970's 
:quipment 
General Purpose Laboratory Equipment 
Data Acq;isition System 50 Channels 
Model Pos i t i one r  100,000 ft i b  (135,600 Y-rn 
Capacity, Transmission Tawer 
Transducers (50 Uni t s )  
Total Equipment 
;rand T o t a l  Micrcwave Range (A2) 
UNIT 
COST 
EXTENDED 
COST 
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FIGURE 6-90 HYFAC GROUND FACILITY ACQUISITION COST SUMMARY 
Facility Component 
- Building Complex 
Brviceg 
Air Supply 
Hydraulics 
Cryogenics 
Substation 
Refrigeration 
Water 
Steam Ejector 
Fire Suppression 
Standad Fuel 
Air Filtration 
Disposal Area 
Total Services 
Major Equipment 
Environmental Chamber 
Acoustic Shroud 
Sled Track 
Anechoic Chamber 
Flight Simulators 
Test Fixture 
Heaters 
Test Control 
Thermal Control 
Shakers 
ACOUI Y i s  
Total Major Epipment 
Miscellaneous Equipment 
Data Acquisition 
Insturnen’ on 
Total Data Acquisition and Instrumentation 
Grand Total 
Dollars - Thousands 
SSl ss2 
5,600 181 
13,500 21 
15,000 
12,400 3 
40@ 
120,000 
19,700 
.81,000 30 
20,390 I 1*075 
I 
12,200 
8,000 
I 
125 
40 
1P9 
lir 
326 
80 
100 
180 
875 
100 
25 
125 
3,057 
7 
2,300 
2,300 
140 
50 
?3 
63 
3,127 
7 
- 
A2 
444 
- 
200 
50 
13 
63 
707 
- 
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F!GURE 6-91 HYFAC GRWND FACILITY OPERATING COST SUMMARY 
(Page 6-234 is blank) 
. .  
- 
SSl 
- 
1l3 
45 
10,100 
268 
3 9  
60 
I7 
5,050 
4,040 
391 
sal 
224 
- 
22,415 
ss2 
5 
2 
2 
1 
510 
408 
31 
13 
18 
57 
10 
- 
4m - 
R1 
- 
39 
16 
65 
27 
1 
2 
13 
10 
16 
1 
9 
63 
11 
279 - 
A 1  
16 
6 
58 
46 
8 
3 
5 
10 
2 
250 
404 
- - 
- 
A2 
- 
11 
4 
8 
3 
5 
14 
3 
250 
298 - 
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PRM=EDING PAGE BLANK NOT FILVE3 
FIGURE 6-92 HYFAC HOWFLOW SUBSYSTEM NUCLEAR BLAST SlHULATOR, 
AND AVIONICS TEST FACfLiTIES AREA, MAJOR EQUIPMENT, 
A10 UTILITY REQUIREMENT SUMNIARY (ENGLISH UNITS) 
Facility 
Fire Suppression System 
Landing Gear Test Facility 
Test Facility 
Nuclear Blast Simulator 
Anechoic Chacnber 
hemwave Range 
- 
G* 
- 
s1 
s2 
R l  
A1 
A2 
I 
100 1 x 50 ft Structural Floor, 100 ft High Bay 
900 sq ft Control Complex; 100 ft x 100 R x 800 ft 
Mscicwpave Anechoic Chamber -30 d6 at loo0 Ma 
600 sq ft Contto! Complex; 1 sq mile Test Range 
Major Equiplsellt Requirements 
350 ft x 150 ft x 100 R MronraRntal chanlbs for pressures 
to 1 Ton. Argon Fire Suppression System. 
Drop Tower with 650 ton Load Capaity, 75 ft Drop; 
35,000 ft Lomg Sled Track. 
High Intensity Tmiai Radiation Source 1500 Btu/sq ft/sec; 
High lntensi Nuclear Radiaticm Sollrce Y at l@5 Rad/sec; 
Diameter Environmental Chars5er for Pressutes to 1 Tom. 
100,~O ft-lb Model Fositioner. 
X at3 x 10 d RaB/sec; I at 1019 #/ernz/sec; 6 I! x 4  ft 
150 ft High, 100,OOO ft-lb Model Fositinners. 
. .  ., ... - 
TOR, 
~~ ~ 
ft x 150 ft x loo ft EIwimnslerAal CRanaber for Plessutes 
Ton. Argon Fire Suppression System. 
Tower with 650 tan L d  Capacity, 75 ii Drop; 
: ft Long Sled Track. 
Intensity Tperslal Radiation Sam 1500 b / s q  ft/sec; 
lnteasi Wwh Radiation Source at ids M/sec; 
3 x 1 d RaB/see; N at Nj*P2j;SBC; 6 ft x 4  ft 
mtw Enwir-ibi Chauhr for ptessures to 1 Ton. 
E!? ft4b blodel Positionet. 
-_ 
. High, lO0,OOO ft-lb Model Posiaioners. 
Utilities 
C o r a m  Air 
e 
h 
Q 
v) - 
0 
4 
h 
8 
m' 
0 
I- 
I-  
0 
Fluid Flm 
5 
t 
00 
VI 
N - 
0 
Fluid Flow Fbi  storage 
7,500 
200 
100 
50 
50 
- 
7,500 
200 
100 
50 
50 
Test Equipment 
Heat Fhm: 18 8Wsq ft/sec Over 40,000 sq ft 
50,000 sq R Renote Storage and Disposal area; 1 p Air 
Filtration System; Water Flush in Test Areas. 
Facility 
Fire Suppression System 
Landing Gear Test Facility 
Test Facility 
Nucleat Blast Simulator 
Anechoic Chamber 
Microwave Range 
- 
Code 
SSl 
SS2 
R1 
A1 
A2 
30.5m x 15.3m Structural Floor, 305m High Bay. 
%6m2 Control Complex; 30.5 x 30.h K 9 Am Microwave An- 
m. 
83.6 m2 Control Complex; 2.6 x l$ ma Test m. 
xhoic Chamber with 9.9 x 1 3 I#atts/m&r 1 ab& at 1000 
- 
idajar Equipment Requirements 
106.h x J m  x 30.5~1 Envima~ntal Chamber !r 
Drop Tower with 5.78 x 10s N Load Capacity, 22.: 
10,680m Long Sled Track. 
Hi@ Intensity Thermal Radiation Source 1 b x Id 
High lntmi Nuclear Radiation Source: y at 103. 
1.83m x 1.22m Dia Environmental Chamber for Pres 
to 133 N/ 9 Argon Fire Suppre~sion Systern. 
X at 3 x lor P Joule/kg/sec; N at 1 0  Neutn#l/mzl 
&.7m High, 1318 x 104 m-kg Wlodel Positioners. 
REPORT MDC - 
VOLL. 
bjor Equipment Requirements 
106.8m x .7m x 3 U m  Environaaental Chamber for Pressures 
to 133 N/ 9 Argm Fire Suppression System. 
Drop T m r  with 5.78 x 106 N Load Capacity, 22.911 Drop; 
10,680m Long Sled Track. 
Hi& Intensity Them1 Radiation Source 1.7 x l@ Watts/& 
Hi@ Intensi Nuclear Radiation Source: y at 103 Joule/kg/sec; 
l a m  x 1.22m Dia Environmental Chamber for Press to 133 N/d 
X at 3 x l@ B Joule/lrg/sec; N at 1@ Wmhn/d/sec; 
45.7111 High, 1318 R 104 ia-kg Model Positioners. 
FIGURE 6-92 HY FAC NONFLOW 
AND AVIORIICS TEST FA1 
AND UTILITY REQU 
Water 
Utilities 
colapressed Air Substation 
Fluid Flow Fluid Storage 
7,500 
200 
100 
50 
50 
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FIGURE 6-92 HY FAC PJONFLOW SUBSYSTEM NUCLEAR BLAST SIMULATQR, 
AND AVIONICS TEST FACILITIES AREA, MAJOR EQUIPMENT, 
AND UTILITY REQUIREMENT SUMMARY (S.I. UNITS) 
Test Equipment 
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FIGURE 6-93 FIRE SUPPRESSION SYSTEM TEST ARTICLE SIZE - 
SIMULATION LEVEL FACILITY COST COMPARISOH 
SIMULATED PAIUMEX'ER 
MAJOR SECTION 
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6.11 COST METHODOLOGY 
%ne aa jo r  ground research f a c i l i t y  cos ts  may generally be broken i n t o  three 
categories: 
The cost of f a c i l i t y  s i te  acquis i t ions were not included because it w a s  assumed 
t h a t  these si tes would be already avai lable .  
1) buildinf: envelope, 2 )  test equipment, ana 3) services  and u t i l i t i e s .  
Building envelope costs  were developed by s i z i n g  t h e  required bui lding complex. 
Except where spec ia l  capab i l i t i e s  must be incorporated i n  t h e  building for unique 
t e s t ing  capabi l i ty ,  simple, low cost  buildings were used f o r  o f f i c e ,  laboratory,  
and test areas. 
6 inch (15 cm) concrete. Exterior w a l l s  for high-bay test areas are pre-enameled 
sandwich panels with 1.5 inch (4  cm) t h i ck  insulat ion.  
curtain-wall construction with continuous windows. Roofs of a built-up type on a 
metal roof deck support were used f o r  a l l  types of buildings.  
charac te r i s t ics  were included i n  each individual  bu i ld i rg  descr ipt ion.  
Building f loors  not subjected t o  s t r u c t u r a l  load bearing tests are 
Office areas are of 
Special  bui lding 
Test equipment costs  were divided i n t o  major equipment items and miscellaneous 
test  equipment. 
do l la rs  ($1,000,000) were considered as major equipment. 
separately i n  t h e  preceding f a c i l i t y  descriptions.  
equiprcent were estimated as a lump-sum cos t .  
t o  be d i g i t a l  systems capable of acquiring, recording, computing, reducing, and 
pr in t ing  out a l l  types of t e s t  data. 
vehicle test  program and include thermocouples, strain gages, accelerometers, pres- 
sure transducers, def lect ion transducers,  and load c e l l s .  The data acquis i t ion  and 
instrumentation system costs  were based on past  h i s t o r i e s  of MDC budgets. 
Generally, only those items whose cost  w a s  more than one millior, 
Each major i t e m  was  costed 
All other types of general  test 
Data acquis i t ion  systems were assumed 
Instrumentation cos ts  were extended over a 
The cost of t h e  flow f a c i l i t y  tes t  legs, s torage tanks, zmd piping were con- 
s idered a sub-category of building envelope costs .  These cos ts  were estimated by 
using standard building construction estimating prac t ices  and t h e  spec ia l  techniqtles 
outlined i n  subsequent paragra1;hs . 
Service and u t i l i t y  costs  were determined by es tab l i sh ing  the  kind and amount 
of u t i l i t i e s  needed t o  perform ce r t a in  tests i n  t h e  proposed f a c i l i t i e s .  The major 
u t i l i t y  requirements are presented w i t h  each individual  f a c i l i t y  description. 
u t i l i t y  cos ts  were developed on a per un i t  bas i s  and are shown i n  Figure 6-94 along 
w i t h  pert inent  operating and equipment f ac t s .  
Basic 
All costs  were calculated i n  1970 do l l a r s  according t o  the curve shown i n  
Ficure  6-95. 
6.11.1 GAS DYNAMIC FACILITY C3STS - The costs of GD2 acri GD3 were determined from 
preliminary design s tudies  prepared by Sverdrup, Parcel  and Associates, Inc. 
(S t .  Louie, Missouri) and Fluidyne COT. (Minneapolis, Minnesota) for o ther  high 
p q m o l d s  number test f a c i l i t i e s .  Cost increments were added t o  provide for l a r g e r  
compressors, prime movers, fansg and tes t  sect ions.  Major test equipment items 
were estimated from d a t a  provided by past budgsts of t h e  MDC Gas Dynamic Laboratory. 
The ?rop?sed non-continuous hypersonic tunnels  (GD4, 7, 15,  and 16) were 
costcd by t h e  U t i l i t y  Factor Method. From the  cos t  h i s t o r i e s  of previously acquired 
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FIGURE 6-94 SERVICE AND UTILITY COST SUMMARY 
SERVICE OPERATING FACTORS EQUIPMENT COST SOURCE 
del iver ing one-third of t h e  o Prime mover of use 
required scfh f l o w  race. o Storage tanks ($478.00 per 
o Storage on t h e  bas i s  of 10% 
of 140 minutes mult ipl ied 
by t h e  maximum flow rate. 
A i r  Supply o Compressor s t a t i o n  capable of o Compressor $13.50/scfm 
o Pipe loop meter3/sec 
of use) 
Water supply o Process water a t  8 0 O ~  ( 2 6 . ~ ~ ~ )  o Cooling tower $20.00/gpm 
with a 24OF AT ( 1 3 O C )  SF :tio?l with of use 
c Vater trecitnienL riot LOWt? 1’5 ($90.00 per  
required o Concrete basin cu meter/sec 
o L i f t  pumps of use)  
o Pipe loop 
~~ ~ ~ ~ ~ ~ ~ 
Substation o Transformatizn from nominal o Primary a i r  $20.OO/kVA 
15 kV, 3 (d supply load b resk  
o 1000 ampere minimum current  
f o r  each secondary c i r c u i t  
switch 
o Secondary 
switch-gear 
o Delta primary/ 
wye secondary 
tr.ansfoimer(s) 
Steam o One gpm of  water provides 500 l b  0 Steam e j e c t o r  $120.00/scfm 
Eject o r  (227 ka)  o f  steam per hour o Steam generator of mass flow 
o Chemical steam generator o Chemical ($57.90 per  
o Short duration high m a s s  t r a n s f e r  pumps kg/sec of 
flow f o r  chamber evacuation o Water t r a n s f e r  mass flow) 
o Low mass flow t o  maintain 1 torr pumps 
(533 N/$) over sustained periods 
o Chemicels f o r  steam generator 
t o  be brought i n  via r a i l r o a d  
and s tored  i n  tank cars  on 
s id ings  adjacent t o  f a c i l i t y .  
Cryogenics o Storage and flow requirements o Pumps 
and Standard o Storage t a n k s  
h e  1 o Pfpe loop 
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FIGURE 6-94 SERVICE AND UTILITY COST SUMMARY (CONTINUED) 
SERVICE 
~~ ~ 
OPERATING FACTORS EQI JI PMENT COST SOURCE 
Cryogenics 
costs and Standard -
Fuel (cont) 
costs -
Storage (gal) hunpina ( a d  Stor=j;a (cu meters) ~um~ing(m3/sec) -
H 2s US h $6.00 $61. CJ $1,585.00 $269.00 
$10.00 $70.00 $2,640.00 $3~7.00 
$8.00 $70.00 $2,115.00 $317.00 
LH2 
LO2 
$7 00 $70.00 $1,855.30 $317.00 
$4.00 $70.00 $1,060.00 $317.30 
*2 
JF-4 
Ref rigcr- o 1 ton of refrigeration in o Compressors $500.OO/ton 
ation required to remove 12,000 o Prime movers ( $142.00/kW) 
Btu/hr (12.7 x 106 J/hr) from 
the t e s t  specimen 
o Cooling towers 
o Chiller pumps 
o Air handling 
systems 
~ - - ~ - ~ ~ ~~ 
Hydraulizs T) 1500 gpm @ 3000 psi 0 Pump $200.00/gpm 
(5.7 m3/min @ 2070 N/cm2) o Prime mover ($90G.00 per 
o ?ipe loop cu meter/sec 1 
Air o Capable of filtering 1 ~.r o Filter $100,000/ 
Fi ltrnt isn particles in test areas o Blower System 
0 Air return 
system 
~ ~ - ~- ~~ 
Dispcs:il 
Area concrete filled drums 
o Unr! mater disposal using $10,000 
Fire ,:) NA.:A Management Instruction o Argor. purge $3.?5/cu IC 
%pp-es.;ior, 8e.15.2 s p e c i f y i ~ g  9gerational and/or foam ($40.30/cu meter) 
Reidiness Inspections in que n cli 
compliance with MSC Safety 
I4nnua1, Part 7, Man - Rsting 
Requirements, Rev. 8, 
15 Ma;. 1967 for facilities 
used fsr manned testing in 
vacuum or oxygen rich 
environments. 
4 r - ,  
h 
P c m 
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hyperscaat 
proposea tunnels, a series of caves were develo2ed tha t  showed t h e  cor re la t ion  of 
tcta.l f a c i l i t y  capabrli ty t o  acquis i t ion  cost. The f a c i l i t y  capabi l i ty  wzs deter- 
mined t c  be 8 function of run-time and test sec t ion  diameter. The faci1i:ies used 
t o  prepare t h i s  cost capabi l i ty  ca r r e l a t ion  curve are shown i n  Fi,aure 6-96. 
facil i t ies '  run-times were evaluated and a discret ionary percentage v a l ~ e  6 C t c r Z t K c . i .  
'Ibis run-time value (Factor A ) is shown i n  Figur.2 6-97'. 
test  sect ion diametc of 120 ixhes (3.0 m) would have a value of 190% because the  
qual i ty  of the  data may not significantly improve as the  tunnel s i z e  was incremeri 
above t h i s  diameter. 
c h w e  i n  the s ize  f ac to r  (Factor The 
product of the  run-time vt-lue (Factor "A") and t h e  test sec t ion  s i z e  (Factor "E"! 
is 3crmea the Tata i  Cszabili ty Factor. A;1 three fac to r s  were determined fo r  e3cL 
of t h e  exis t ing facili-bies i n  Figure 6-96 a d  were the re in  presented. The acquisi- 
t i on  costs  of t h e  ex i s t ing  f a c i l i t i e s  were p lo t t ed  against  t h e i r  respect ive Total  
Chpability Factor and a set of curves w a s  f i t ted t o  tl,sse data tha t  generally S ~ G W S  
the  cos:-facility capability cor re la t ion  (Figure 6-93). By applying the  same eval- 
uation techniques t o  t h e  proposed facilities a i d  ex%rapola'-ing t h e  curves, a ccs t  
estimate uf the proposed facilrties could be determined. A SO Percent increrne?t 
was added t o  these estiratd costs  t o  provide t h e  necessary s e r r i c e s  and u t i 3 ; i e s .  
Ysjor equipment , data acquis i t ion ,  and i n s t r m e n t a t i o n  cost weye determined from 
MDC GLS Dynan*c h k r a t o r y  budgets. 
t u e l s ,  m&ny of wlrrch are similar i n  operating cha rac t e r i s t i c s  t o  t h e  
The 
I? I? It w a s  judged t h a t  a 
In Figure 6-98, a curve was developed tha t  indicates  t h e  
?I w B ) as the test sect ion s i z e  is increased. 
Yhe GD12 f. 
ballistics R w  
ran- tcJ 5 aim. 
yided by governmental ager zy sources. 
?itg is a proposal t o  modify t h e  NCL 1300 f t  (305 m! Hyper- 
-/ f u r e a s i n g  the  launcher diameter an6 a l lcvsble  pressurizat ion 
(50.1 X;cm'). h e  cost estimate Of t3is mdific?t . ion ;'as ~1.c.- 
The GI ' j  w e  a proposal t o  modify the  Rocket Slea T e s t  Track at HollQli lm fiFl3, 
New 14xicc, t o  permit operational speeds up to 8000 fps ( 2 h ) ~ O  dsec)  w i t h  sus- 
ta ined cperation at TOO0 f'ps (2130 n/sec) f o r  two seconds. 
nodlfications WG also provided by p r e r n m e n t d  agensies. 
ne cost of t b e s e  
6.11.2 ENGINE TEST FACILITIES - Because E6 is  subs tan t ia l ly  sirntht. t c  an spgra.leli 
version of t h e  GenerFl E lec t r i c  Company's Alt i tude Engine T e s t  FLci l i ty  at EveLdaie 
Ohio, t h e  cost  of E6 was determined by adding addi t iona l  cost i w r a x e n t s  t o  t h e  
$E f sc ; i l i ty  to a c c o u t  for an ixrease i n  s ize ,  and t h e  ad2i t ion ;.f steam ejectcrr; ,  
substa+ions, and heaters.  
on data provided by kpBC f o r  the ope.ration of their  Rocket Test Fac i l i t y .  
Data acqa i s i t i on  a!id instrumentation costs were based 
The ASDC Rocket T e s t  F a c i l i t y  J-1 Test S e l l  vas used t G  develop t h e  cost  es t i -  
mates f o r  
s ta t ions ,  stem edcctors, heater ,  arAd an N20 fuel supply. 
and E l O .  Added cost  increments were provided for e l e c t r i c a i  sub- 
6.11.3 
evelcpe costs  f o r  the  s t ruc tu res  f a c i l i t i e s  are common t o  a l i  tile proposed f ac i l i -  
ties. TheretoTe, the  sane basic cose estimates could be used for each fLci1i ty  t y  
STRUCTURAL TIST FACILITIES - Much of t h e  major equipment and building 
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FIGURE 6-96 HYPERSONIC WHO TUMEL FACILIYV DATA SWEET 
Fac Cli ty  
1. NASA ?,RC 5MW Arc 
2. NASA LRC l O M W  k c  
3. NASA LTC 20-in. Hypersoni 
4. HASA LRC 20-in. Mach 6 
5. NASA LRC 8-ft High Temp 
6. HASA LRC M 8  Variable Density 
7. NASA LRC 20-in. Mach 8.5 
8. HASA Ames ?.5-ft Hypersonic 
9. AFFDL SOW m r s o n i c  
10. NASA LRC Hy-personi: Flow App. 
11. NASA LRC 1-Pt Hypersonic Arc 
1966 
1962 
1964 
1963 
1958 
1960 
1961 
1960 
1963 
1959 
1963 
12. NASA LRC Hypersonic Aeroelastic 1967 
13. HAS4 Ames Hypersonic Helium 
14. NASA LRC Hypersonic Nitrogen 
15. NASA LRC 22-in. Hypersonic H e l ,  
16. NASA Ames M50 Helium 
17. NASA JPL 43-in. Shock 
19. AEDC \1F Tcmel F 
19. MAC Hyperve1ocit.y Impulse (HIT 
20. SASA LRC Hotshot 
1960 
1964 
1960 
1964 
1964 
1963 
1960 
136z 
35b 
3175' 
560b 
14Wb 
10 s 537 
74b 
12,630 
18,500 
280b 
b 
3148b 
1776 
570b 
926 
997b 
1530 
50 
5366 
816b 
140b 
Utility Util i ty Total 
Fact. 1 Factor Util i ty 
A B (A x B) 
96 
96 
- 96 
0 %  
96 
. 96 
-96 
-96 
. 96 
9 92 
. 96 
- 92 
92 
-96 
- 37 
. QI 
. 61 
. 61 
1.00 
1.00 
.10 
. 64 
.40 
.40 
95 
. 38 
-42 
070 
0 8 6  
30 
. 18 
. 75 
. 40 
-38 
45 
50 
. ?1 
. 96 
76 
a 
50 
096 
. 64 
. 38 
. 38 
. 91 
37 
-40 
. 67 
. 86 
29 
- 17 
69 
. 38 
- 35 
-41  
. L 8  
.26 
58 
.46 
38 
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FIGURE 6-99 HYPERSONIC WIND TUNNEL ACQUlSlTlQN COST 
AS REUTED TO TOTAL UTILITY 
IODOOC 
I 000 
l o o  
1 
- 
e 
0 0 -  a 
e 
i 0 -4 
0 . 6  0 .8  1.6 
To-1 Util i ty  (A x B) 
-L- 
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merely sca l ing  t h e  amount t o  meet t h e  spec i f i c  requirements of each f a c i l i t y .  
commor. costs  were determined as fcllows: 
The 
S t ruc tura ;  Floors - A l l  load bearing f loors  w e r e  designed t o  react  73,000 lb/ 
For cos t  purposes, it w a s  assumed these f loors  f't2 (3.35 x 106 N/m2) floor loads. 
must be excavated 20 feet (6.1 m) t o  bedrock, t h a t  they are 3 feet (.91 m )  t h i ck  
w i t h  2 inch (5 .1  cm) diameter reinforcing rods 6 inch (15 cm) EWOC (each-way-on 
center )  . 
T e s t  Fixture - A l l  s t r u c t u r a l  tests t h a t  include the appl icat ion of s t a t i c  
Past mechanical loads w i l l  require  a r i g i d  fixture t o  react t h e  applied loads. 
a i r c r a f t  t e s t i n g  pract ices  have u t i l i z e d  steel beam s t ruc tu res  spec ia l ly  con- 
s t ruc t ed  t o  f i t  around t h e  test article t o  react the  applied loads. 
tons (2.72 x 105 kg) of steel are required t o  construct Q test f ix tu re .  
nage w a s  calculated from a test f i x t u r e  designed t o  accept a postulated fu l l - s i ze  
test a r t i c l e .  The cost  of t h i s  f i x t u r e  w a s  detemined by comparison w i t h  s i m i l a r  
types of fabr ica t ion  ar,d e rec t ion  done a t  MDC. Cgsts of fixtures for otner  s t ruc-  
t u r a l  test f a c i l i t i e s  were determined by sca l ing  t h e  calculated f i x t u r e  down to 
provide a capabi l i ty  t o  perform tests requir ing lesser loads . 
Three thousand 
This ton- 
En-fironmental Chambers - Vacuum chambers are required t o  sirrtulate t h e  a l t i t u d e  
environment. 
date t h e  full-scale operational vehic le  and t o  simulate the  rate of climb f o r  the  
vehicle.  The to t a l  volume of t h e  proposed environmental chamber i s  4,500,000 f t 3  
(12,~ m 3 ) .  
The vacuum chambers proposed for S2 and Sg were designed t o  accomo- 
-3e vacuum requirements f o r  facilities S2 and Sg are provided for by building 
a s t rxture  w i t h  s u f f i c i e n t  framing t o  allow the  attachment of a t o t a l l y  welded 
cGld ro l led ,  miid :tee1 skin. Nl opening, track mounted, e l e c t r i c a l l y  operated 
doe--; are provided at one end of t h e  building. Those steel members a t tach ing  the  
side w a l l s  t o  the  floor s h a l l  be milled an t h e i r  connecting surfaces to allow t h e  
in se r t ion  of an i n f l a t a b l e  seal. 
the  doors and the building s t r u c t u r e  s h a l l  be milled t o  hold an i n f l a t a b l e  seal and 
t h e  doors s h a l l  be provided with a s u f f i c i e n t  number of screw clamps t o  maintain 
the  seal. Chauiber evacuation t o  one to r r  (133 3/m2) i n  a very short  t i m e  period is 
accomplished by use of steam e jec to r s  operated i n  conj-mction w i t h  a L02-alcohol 
steam generator. 
The chamber w a s  priced by determining t h e  tonnage, fabr ica t ion ,  and erec t ion  cos ts  
of the steel. 
6-100 r e l a t i n g  acquis i t ion  costs of envirmmental chambers t o  t h e i r  diameter . The 
data used t o  develop these curves is t abula ted  i n  Figure 6-101. 
acquis i t ion  cost was less than  $hQ0,000 were general ly  not considered for t h i s  
example. 
Those steel members providing contact tetveen 
Steam b o i l e r s  vi11 maintain the  vacuum after i n i t i a l  pwnp down. 
All other  envixonmental chambers are pr iced using a curve (F igu re  
Chambers whose 
Acoustic Shrouds and Generators - Acoustic environments w i l l .  be simulated by 
subject ing t h e  tes t  art icle t o  a high i n t e n s i t r  sound f ie ld  produced by electro-  
w:llanical sound generators. The tes t ing  concept chosen t o  tes t  t h e  test a r + i c l e s  
. thr -  :!ane-wave shroud method where the test a r t i c l e  is surrounded by a L:ioud 
1 '   tical generators create a high i n t e n s i t y  sound f i e l d  that traverses -*"-r 
. i i r r  surface. 
:.. 
The cost  of t h e  acoust ic  generators w a s  estimated by deter- 
~ 2 s "  of ex i s t ing  acoust ic  generation systems and ext rapola t ing  the cos t  
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FIGURE 6-100 SPACE CHAMBER ACQUISITION COST AS RELATE0 TO 
SPACECHAMBERDIAMETER 
Space Chamber Diameter . Meters 
i I  I I I I I I I I  I I 
5 10 
Space CRarnber Diaeter - Fat 
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for l a r g e r  systems. I n  order t o  cost  t h e  acoustic shroud, t h e  shroud w a s  assumed 
t o  be made of s t r u c t u r a l  s t e e l .  
patterned from present tests performed at MDC and at NAlr'A-MSC, Houston. 
developed f o r  ti,e acoustic zystem do not include t h e  compressed a i r  required t o  
power the acoust ic  generators. 
The proposed concepts fool. acous t ica l  t e s t i n g  were 
The costs  
Heaters and Thermal Control - Elevated temperature environment up t o  3,000'F 
For 
Igni t ron power cont ro l le rs  w i l l  be used t o  regulate  both the  quartz 
(1660~~) ca- -lost s a t i s f a c t o r i l y  be simulated by quartz in f ra red  heat lamps. 
thermal  env ronments i n  excess of 3 ,OOO°F (166ooc), graphi te  res i s tance  heaters 
w i l l  -be used. 
lamps and graphite heater curves. 
be purchased from u t i l i t y  networks. 
It was assumed t h a t  t h e  e l e c t r i c a l  power could 
A cost  cwve(Figure  6-102)was developed from an ana lys i s  of  hea%ers required 
t o  produce a given heat f l ux  per square foot  of area and was used t o  establish 
quartz heater cost. 
(4.53 x lo6 W/m2). Thermal control  cons is t s  of a programming capab i l i t y  and a 
temperature rzcording/controll ing capab i l i t y  using 250 kW i an i t ron  u n i t s  
are five thousand do l l a r s  per channel of thermal cont ro l  taken from recent bIDC pur- 
chases plus heaters priced as previously discwsed.  
Graphite heaters  were priced at  $12,000 f o r  400 Btu/ft2 sec 
Costs 
Vibration Exci ters  - Mechanical v ibra t ion  environments w i l l  be s i m u l a t e d  
through the use 3f electro-mechanical exc i t e r s .  
was based on past MDC expenditures for s i m i l a r  v ibra t ion  systems. 
The cost  of t h e  proposed shakers 
Hydraulic Load Cylinders - S t a t i c  and quas i - s ta t ic  mechanical loads w i l l  be 
applied t o  t h e  tes t  a r t i c l e  by .hydraulically actuated load cyl inders .  
programmed servo control  systems w i l l  be used t o  regulate m-5 apply the  mechanical 
loads. 
acquis i t ion system. The cos t  of t h e  loading system w a s  pr iced on a per  channel 
basis t o  include hydraulic pumps, loading cyl inders ,  and controls.  
Computer 
Loads w i l l  be monitored by e l ec t ron ic  load cel ls  Ynd recorded on t h e  da t a  
Non-common equipment and f a c i l i t y  costs were determined fo r  each f a c i l i t y  
based on estimates obtained from MDC c a p i t a l  expenditure h i s t o r i e s  and manufac- 
turer's quotations. 
6.11.4 - FLIGHT SIMULATION FACILITIES 
The f l ight  simulator f a c i l i t y  complex, (FS1, 2, a d  31, was assumed t o  be 
located i n  one common building. 
t i o n  supplied by Condwtron-Missouri , manufacturer of such current state-of-the-art  
simulators as t h e  747, DC-10, and DC-9 simulators. 
upgraded t o  provide t h e  required 5-degree-of-freedom motion simulation. Additional 
spec ia l  equipment requirements are d e t a i l e d  i n  each f a c i l i t y  descr ipt ion s e t  out i n  
Figure 6-75. 
The simulator cos ts  were estimated from infoma- 
These present-day systems were 
6 . 11 . 5 MATERIALS TEST FACILITIES 
The cost of t h e  materials faci l i t ies  p r imwi ly  depend on t h e  type and amount 
of equipment included i n  t h e  fac i . l i ty .  Larga, spec ia l  items such as vacwm chambers , 
autoclaves, e lectron microscspes, s tc ,  were priced from manufacturer's quotations , 
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pas t  MDC caDital  expenditure budget h i s t o r i e s  , and from estimate procedures 
described in t h e  previous sect ions.  
d a t t d  i n  one Luiiding envelope. 
zis miscellaneods equipment and costed as a Imp-sum price.  
The three materials f a c i l i t i e s  wer2 c o x o l i -  
Much of t h e  small laboratory equipment w a s  treated 
6.11.6 SUBSYSTEM, RADIATION, AND AVIONIC TEST FACILITIES 
These f a c i l i t i e s  contain c e r t L n  unique tes t  equipwnt  along wi th  standard 
types of control  rooms, o f f i ces ,  e t c .  
i t y  descr ipt ions as shown i n  Figure 6-89. 
determined by manufacturer's que-tations o r  MDC c a p i t a l  expenditure budget. The 
comon construction cost  was determined by u t i l i z i n g  generally accepted archi tee-  
t u a l  and engineering bui lding cos t  e: imating methods. 
The spec ia l  items are set out i n  t h e  faci!- 
The cost  of t h e  spec ia l  equi9ment w a s  
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6.12 GROUND TEST FACILITY StlMMARY 
A brief summary of the ground test facilities is presented in Figure 6-103. 
Th.: suncnary is composed of a statemect of facility description, operating character- 
istics and acqsisition and operating costs. 
postulated are described in this figure, and performance specifications are given 
for each. 
cost estimate w a s  obtained, a cost breakdown graph is presente?. 
contains the description of:. 
Each of the 54 facility concepts 
Where the facility concept survived the initial screening process and a 
This figure 
17 gasdynamic facilities 
10 engine facilities 
10 structural facilities 
4 materials research facilities 
3 flight simulator facilities 
5 fluid systems research facilities 
2 subsystem facilities 
2 avionics 
1 radiation research frcility 
FIGURE 6-103 GWOUAOB TEST FACILITY CAPABILITY A#B 
COST SUMMARY PHASE I 
GD1 - High Reynolds Number 
Test Section Size 
Mach Range 
17 x 24 f't 
(5.19 x 7.3 d 
0 t o  .6 
Model Length: 
Max. Reynolds Nuuiber: 160 million 
Flight Reynolds No. = 102 million t o  567 million 
A t  Mach No. 04 
Power Required 7,800 BW 
R u n  Time continuous 
Q)2 - High Reyneldls Hmiber 
Nearsonic Wind Tunnel 
Test Section Size 
Mach Range 
17 x 24 f.t 
(5 .2 x 7.3 m) 
0 t o  1.0 
Max. Unit Reynolds 8l-a x 22 .O/ f% 
(72 /d 
A t  Mach No. .7 
Model Length 15.8 ft(4.8 m) 
W a x .  Reynolds lo. 450 aiillion 
160 l?dlliQn t o  
1600 million 
Deleted from further 
definition during 
Phase I because GD2 
provides stme capa- 
b i l i t y  i n  t h i s  Mach 
number range. 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY A I D  
COST SUMMARY PHASE I (CONTINUED) 
Test Section Size 
Mach Range 
Max. Unit Reynolds No. x IOo6 
A t  Mach No. 
Model Length 
M a x .  Reynolds No. 
Flight Reynolds No. 
I - 
16 x 16 ft 
(4.9 x 4.9 m) 
05 t o  5.0 
12.3 ft 
(3.8 m) 
625 million 
2600 million 
A t  Mach No. 1.7 
Operating cost = $3g00i0c~-hr  
Rm Time 3G seconds 
QeraLing Cost = $820/oc~-hr 
or $1640/shot 
FIGURE 6-103 GROUlllB TEST FACILITY CAPABILITY AWD 
COST S U W R Y  PHASE I (COWTIMUED) 
!Phis f ac i l i t ywas  deleted f'ronr 
Phase I because of the 1000 
able with oD7. 
plla~. Unit Reynolds NO. x 10-6 20/ft further definition during 
65.6/m 
A t  Mach No. 8 times greater run time avail- 
I Model kmh: 7.7 ft (2.35 m) MU. Rmoias NO. : 150 million 
Flight Reynold8 Mo. = 600 million t o  350 million 
A t  Mach No* 8 
Rupl T h e  t o  3 IMSCC 
- 
0 5  - High Reynolds Wuuiber Hot shot 
Hypersonic Wind 'R;mnel 
Test Section Size 
Mach Range 
Model Length: 7.7 ?% (2.35 m) 
Flight Reynolds 180- = 600 million to 350 million 
At Mach No. 8 
Stored E3ectrica.l Energy 1.5 d l l i o n  kJ, 
Run Time 200 msec 
a6 - High Reyzmlds Number Shock Tube 
Driven I?ersonic Wind Tunrzel 
- - 
Tes t  Section Size I Mach Range 10 ft dia (305 m) 8 t o  13 
This f a c i l i t y  w a s  deleted from 
further definit ion because of 
the m;ul time capability and 
fewer operationdl problems 
#SSOCi&ted With m7. 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AWQ 
COST SUYMRY PHASE I (CONTINUED) 
Y - - - - _. - --- -- -_ - - 
GD7 - High RE Gas Piston Driven Hyp ersonic 
Wind Tunnel 
operatin$ cost = $13lo/occ-hr 
o r  $2630/shot I _- 
Test  Section Size 
Mach Range  
W. Unit ~ e J F n o ~ s  NO. x 1 ~ 6  
A t  Mach No. 
Model LengkB 
khx. Reynolds No. 
Flight Reynolds 100. 
A t  Mach No. 
Run Time 
GD8 - H i &  Pressure Alumina 
Storaae Heater Tunnel 
10 ft dia 
(3.05 m ais) 
8 t o  13 
6.8 ft 
(2.1 m) 
150 miUian 
650 million 
8.0 
1-4 seconds 
Test  Section Size 
Mach Range 
M=. Unit Reynolds NO. x 10-6 
A t  MEbch lo. 
Model Length: 
Max. Reynolds NO. 
12 fe aia 
(3.68 m) 
5 t o  10 
40 
30 
20 
10 
0 
This f a c i l i t y  was deleted from 
m h e r  refinement during 
Phase I because it is primarily 
a f l i gh t  duplication f a c i l i t y  
rather than a Hi@ Reynolds 
rimer fwiii ty ma C m o t  pro- 
vide aerodynamic research as 
effectively as GDl.5 and GD7. 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AH0 
COST SUMWRY PHASE I (COAITIAIUED) 
GJ.)9 - High Pressure Zirccnia 
Storage Heater Tunnel 
T e s t  Section Size 5 ft dia 
(1.52 m) 
Mach Range 8 to  13 
( 19 . 6 /m 1 Max. Unit Reynolds No. 6.0/ft 
A t  Ma& No. a 
Model Length: 
Max. Reynolds No. : 20 lniLiion 
nigh* ~eynolds hmber = 600 m i ~ i o n  t o  350 
miliion 
at Mach No. 8 
lam Time 30 seconds 
010 - Multi Reccmg~~*esafon 
Heater Wind Tunnel 
Deleted for same reason as GD8, 
w i t h  additional comment that it 
is very applicable as engine 
research fac i l i ty  thnd appears 
as part of Eg 
Same comment as for GIB, as 
appears as engine research 
fac i l i ty  E8. 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
_- - . - - .  ---- COS? SUMMARY PHASE I (CONTINUED) - -  - -- ._ - - -  - . -. .-._- _ _  - . .  
GDLi - HiGh Pressure Electric 
Arc Heated Wind Tunnel 
- 
Tes t  Section Size 6 f t  dia 
(1.83 m) 
Mach Range 5 t o  13 
Max. Unit Reynolds No. x 10-6 *45/fi  
(1.4?/m) appears as engine research 
A t  Mach No. 5 f a c i l i t y  E10 
Same comment as for  GDg, and 
h d e l  Length: 4.1 ft (1.25 m) 
M a x .  Reynolds No. 2.05 million 
Flight Reynolds No. = 82 million t o  455 million 
Run Time Lo 30 min 
This f a c i l i t y  is t h e  NOL ball- 
10' dia X 100Q'L larger  gas gun launcher and a 
( 3  m d i a  x 305 m L: 
I ist ics range modifiee with a GD12 - Large Bore Gun hunch Range 
Range Size 
Mach Range 
- 
--r 
-. .- - -  -. . - 
<lo. 0 - I 
Max. Unit Reynolds No. x 10-6 385/rt 
(1260/d 
A t  k c h  Mo. 10 I 
Model. Length 
Max. Reynolds No. 
Fl ight  Reynolds No. 
0 
A t  Mach No. 
Test Time 
500 minion 
10 
8 M S e C  
5 atm pressure capabili ty for 
the range. Up t o  10 inch gun 
bore (.254 m). 
Modification Cost = $1,000,000 
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FIGURE 5-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
i _. - GD13 - Bolloman T e s t  Track with 
Extended Track Modification 
Track Length 13.4 m i  
Mach Range - '7 (21,600 m) 
50 /ft Modification Cost = $8,600,000 Max. Unit Reynolds No. x 10' 6 
(164/m) 
A t  Mach No. 7 
Fl ight  Reynolds No. 750 million ' 
A t  Mach No. 7 
Model length and t e s t  R e  not shown because 
of the large variation i n  permissible 
model s i z e  dependent on configuration, 
att i tude,  etc. 
- a  
GD14 - Rocket Launched 
Scale Models 
Wallops 
(scout ) 
(No new launchers proposed - Scout 
and Athena N are considered adequate) 
ax. Mach Nuuiber 
A t  Altitude 
Max. Unit  Reynolds Nmberx 10-6 
Model Length: 
10.0 
50,000 f't 
(15 km) 
11.9 
(39/d 
2.66 ft 
(8.1 m) 
-. . - .  - -  
White p2:- I Sands 
(Atbena) (Athena) 
3 Stage - 2 Stage -- 
10.0 15.0 
50,000 ' f't 50,000 ' 
(15 km) (15 km) 
11.9 17.8 
(39/m) (58.3/m) 
2.66 ft 2.66 I% 
(8.1 m) (8.1 m) 
. Reyaolds Mo. x 19-6 31.5 47.5 
Fl iTh t  Reynolds No.= 106 million t o  
590 a i l l i on  
A t  Mach No. 
I 
This f a c i l i t y  was deleted From further 
refinement during Phase I because the  
Reynolds ntrmbers provided were not any 
greater than that available with wind 
tunnels ma ut i l iza t ion  wads be f t ~  ies; 
i n  term of ntrmber of ram8 or wcqdrcd. 
test  data. 
3 . 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE 1 (CONTINUED) 
- - - _. 
G D l 5  - n e c t r i c  Heated )Iyp ersonic 
Blowdown Tunnel 
_ .  -. - 
Test Section Size 8.06 x0.86 ft 
Mach Range 3 t o  8.5 
(2.7 x 2.7 m) 
Max. Unit Reynolds No. x 10' 6 34/ft 
A t  Mach No. 
Model Length 
Max. Reynolds Mo. 
Fl ight  Reynolds No. 
A t  Mach No. 
Run Time 
( l l l / m )  
4.5 
6.0 fc 
(2.1 m) 
300 mil l ion 
1270 mi l l ion  
4.5 
20 seconds 
I 
a 1 6  - Ludwieg Tube Hypersonic W n e l  
Operating Cost = $1190/occ-hr 
Test, Section S ize  
Mach Range 
M a x .  Unit Reynolds No. x 10-6 
A t  Mach Mo. 
Moddl Length 
Ma. Reynolds No. 
Fl ight  Reynold8 No. 
A t  Mach No. 
Run T h e  
8.86 x 8.86 f t  
(2.7 x 2.7 m) 
3 t o  8.5 
50/ft 
(164 /m) 
3 
6.8 ft (2.1 m) 
350 mill ion 
3 
1 second 
Operating Cost = $85O/occ-& 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
GD17 - High Reynolds Number Trisonic 
Continuous Wind Tunnel 
Test Section Size 
Mach Range 
Max. Unit Reynolds No. x 10-6 
A t  Mach No. 
Model Length 
Max. Reynolds No. 
Flight Reynolds No. 
A t  Mach No. 
Run Time 
Power Required 
16 x 16 ft 
(4.9 x 4.9 m)  
-5 to 5.0 
400 million t o  
2600 mill ion 
1.7 
Continuous 
1,900,000 hp 
(1 ,4OQ,OO kW) 
Deleted from further Phase I 
definition because i n i t i a i  cost 
estimates ($440,0C9,000) indi- 
cate very high costs but no 
greater research capability thar 
GD3. Also for minimum cost 
research programs,GD3 offered 
lower acquisition as well as 
operating costs . 
E-1 Large Rocket Test Cell 
(No new fac i l i t y  proposed - 
Capability of AEDC LRF is  adequate) 
- . . - - -. -- -  I -. - 
Cell Diameter 
Cell Length 
Test Altitude 
Thrust Capacity (Current ) 
(Growth } 
AEDC LRF AEDC RTF' 
Test Cell T e s t  Cell 
54 53 
48 ft (14.6 m) 
81.5 f't (24.8 m) 40 ft (l2.2 m )  
18 ft (5.5 m) 
106-140 kftr 50-150 k f t  
(32-43 km) (15-46 h) 
I 500,000 l b  200,000 lb 
(2,220,000 N) (890,000 N) 
1,500,000 Lb 1 (6,700,000 N) 
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FIGURE 6-103 GROUND TEST FACILITY CAPAB!LlTY AND 
COST SUMMARY PHASE I (CONTINUED) 
E2 - Wind Tunnels Designed t o  
Test Airbreathing Engines 
2 .  
b. 
C. 
d. 
Full scale engine and nacelle t e s t s  
(described under GD3) possible i n  
proposed f a c i l i t i e s  GD1,2,3. 
Subscale and basic research tests 
possible i n  GD5,6,7,8,9,10,11. 
Continuous and intermittent f a c i l i -  
ties w i l l  require addition of sxhausl 
scaveiiging capabili ty or  increas sd 
vacuum volume or ejectcr  capability. 
Fuel storage and distribution capa- 
b i l i t y  must be provided, as w e l l  as 
engine thrust  balances. 
E3 - Turbomachinery TeFt  Faci l i ty  
Cell Diameter 
Cell Length 
Mass Flow Rate 
Altitude 10-60 k f t  (3-18 km) 
16 ft (4.9 m) 
72 f t  (22 m) 
1300 lb/sec (590 kg/sec) 
True temperature duplication, standard 
and cyrogenic fuels are required. 
chis concept was discarded ear ly  i n  
?hase I. Although these f a c i l i t i e s  
tould provide in l e t  and exhaust nozzle 
lata, using wind tunnel models, 
ieither the run t i m e  or f l i gh t  con- 
l i t ion duplication was suff ic ient  tc 
Justif'y these as engine research 
Bacilit9cs . 
~~ ~~ 
Chis f a c i l i t y  was found t o  be be t te r  
specified as zepwate f'ree j e t  and direct  
:onnect facilities of greater cacabili ty.  
Chsse f a c i l i t i e s  . .  defined as E6 and 
V was dmpped. 
FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
CQST SUMMARY PHASE I (CQNTIHUEQ) 
M = 5-13, 2 < i50 lrFt (16 b). For deter- 
mination of Zitmust nozzle performance w i t k  
properly simulated internal and external 
flow. This faci l i ty  can be a modification 
of an:* of the proposed hypersonic Wind 
tunnels wherein a model representing the 
&ft end of a vehicle including the enme 
nozzle/s is placed in the nypersanic flw. 
Press- a,ud flow visualization techniques 
are *used t o  determine nozzlc/sirframe 
ioterscctitm. 
A f l o w  facility which can acc 
scaled or  fuU scale engine/iClet 
sections. Capable of steady running 
with both small ql i tude  rapid changes 
(n, PO, TO, a) =a 
changes. Response of auct/inlet -tea 
t o  real time mission profile c 
$wts, gunfiring, ragid tk0t.t 
near field acoustic effects to be meamred. 
e 
W- 
9 
1 E6 - Direct Connect Turbomachinery Test Cell 
Altitude Rarqp 
weight F 1 w  
Run Time 
.- . 
Cornell Base Flow Facility 
Phis fac i l i ty  capability was incorpo- 
rated into the basic engine research 
k'acilities sand did not require a 
specialized faci l i ty .  
phls c a w i l i t y  is incorporated into 
?@ne research facility E?¶ and is 
Lnherent i n  that faci l i ty 's  research 
:ap&ility. 
~- 
- Operatirg Cost = $993G/occ-hr 
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FIGURE 6-105 GROUND TEST FAClLlVY CAPABILITY AND 
COST S U W R Y  PHASE I (CONTINUED) 
E7 - Free-Jet Turbomachinery Engine Facility 
Engine Inlet Capture Area 
Mach Range 0 to  5 
44 f+* 
(4.1 m ) 
Altitude Range 
Weight Flow 
0 t o  85 kf't 
(0  to 26 
9100 lbm/s@c 
(4100 kg/sec 1 
Run Time Continuous 
E8 - Multirecompression Heater Rarg[Scrmjet 
Engine Facility 
Altitude Range 
Weight Flow 
R u n  Time 
Modified Direst Connect 
Iperatiw Cost = $22,000/0cc-h~ 
In 
E 
100 
75 
50 
35 
0 
-- 
/ "e/ 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUUHARY PHASE I (COBOTIWUED) . --. -- ._ .- - 1 Operating Cost = $18,200/occ-hr E9 - Wbrid Heater S c r a e t  Engine Facility -- E-gA = $ ~ O , O O O / O C C - ~ ~  --- 
Weight Flow 
Run Time:. CoriiaustianProduc%s 
Air 
Modified Direct Connect 
75 t o  160kft 
300 l’$n/sec 
(136 kg/sec) 
Copt inxous 
30 sec 
(23 to  4glsm) 
Engine Inlet Capture Area 
Mach P m g e  
10 “2’ 
( = 9  m ) 
6 t c  12 (simulated) 
Altitude Range 
Weight 
Run Time 
I Kodified Direct Connect 
I 
I 
75 to 150 kft 
(23 to 49 b) 
153 lbm/eec 
(69 kg/scc) 
30 m i R  
-A uses the alternate paphitie 
continuous heater . 
. 
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FIGURE 6-103 GRCUND TEST FACILITY CAPABILITY AWD 
COST ";MMBRY PHASE I (CONTINUED) 
E20 - Integrated TUrbomacFnery Engine 
E6 ma E; test cells opera-bed as intepated 
facil ity with combin&- a'r supply, 
exhauster, ut i l i t ies ,  control room,  etc. 
 Facilities 
.. 
OperaLiq Cost f $22,700/0ce-hr 
250 
200 
150 
100 
50 
0 
FS1- Flight Simulator Crew Trainer Facility 
b t i o n  Simulation - 6 deg;. of freedom 
V3& Synthesis - Color TV aisplay, 
landiw image generator, instme& 
displw. 
environment 
Audio Synthesis - Full stereophonic audio 
Totd cabin errPiment regulation 
m g e  cewter p ng capability 
-. 
Operating Cost = $1200/run PU. 
15, 
10 
5 
Q 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
- 
FS2 - Takeoff and banding Simulator Operating Cost =: $1200/run hr 
Motion Simulation - 6 deg. of f'reedom, 
Visual Synthesis - Color TV 
Takeoff and landing image generat ion, 
M? 9 -1strument display 
Audio Synthesis - FuLl stereo audio 
c+--ironment 
Total cabin environment regulation 
Large computer programming capability 
dynamic takeoff and landing simulation 
FS3 - Launch Cruise Simulator 
Motion %and.ation - 6 deg. of freedom, 
V i s u a l  SynLhesis - FW.1 vision instrment  
Audio Synthesis - Full stereo audio 
m 
4 
acceleration simulation, sensible 8 
acoustic simulation, centrifuge I+ s aisgiw 8: 
Total cabin environment regulation % 
Large computer programming capability u 
433 
I environment 
0 
1 5  
10 
5 
C 
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FIGURE 6 4 3  GROUND TEST FACILITY CAPABILITY AND 
COST SUWARY PHASE I (CONTIMUED) 
31 - Airframe Static Test Facility 
3tructural Floor - 150 x 350 ft 
(46 x 107 m) 
Structural Ceiling - 100 ft high, 4000 kip l o d  
(30 m high) (17,800,000 E?) 
Load Programming - 500 channels @ 50 kip each 
(222,000 N) 
hemal  Programing - 450 channels @ 250 kW 
Cryogenic Tankage - 
Data Acquisition - 15,000 channels 
100,000 fi3, 60,000 gpm 
(2830 I& (3.78 .rrt3/secj 
;2A - Airf'rame Dynamic Structural Evaluation 
Facility 
Operating cost = $8700/run hr 
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FIGURE 6-103 GROUHD TEST FACILIVY CAPABILITY AND 
COST SUMMARY PHASE I (COAITIIUED) 
S2B - Major Component D p  amic structural 
Evaluation Facilitv 
Environmental Chmbe~100 x 100 x 50 ft high 
Structwal Ckiling Ehnd floor - 100 x 100 Ft (30 x 30 x 1 5 m )  
(30 x 30m) 
2000 kip loads 
(8,900,000 a] 
Altitude S i d a t i o n  150 kf% 
Load Programming - 200 channels 8 50 kip 
Thermal P r o g r d n g  - 1100 channels @ 5OOkW 
(46 kin) 
(22,200 14) 
Cryogenic Takage - ~ O O , O O O  ft3, 60,000 gpm 
Acoustic Generator - 170 dB 
(2830 m3) [3.@ m%ec) 
Mechanical Beciter - 1800 kip t o t d  force 
(8,000,000 a) 
Data Acquisition - 7800 channels 
. -  
S3 - Thermd-MecBanical-Fati~e Component 
Test Facility 
120 
80 
40 
0 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
1 S4 - Air.frame Acoustic Test Facility 
Acoustic Shroud Enclosure- 350 x 150 x 180 ft 
(107 x 46 x 30 m) 
Acoustic Generator - 170 dB - (0-5 Mzd 
9 Million acoustic watts 
(6300 n/m2) 
Data acquisition - 9500 channels 
8 
S5 - Component Themnal-Acoustic Test 
Facility 
. -  .- _-.  . - 
Operating Cost = $4600/run hr 
35 
30 
25 
20 
Operatine Cost = $2600/ un hr i- 
TBemmL Acoustic Shroud Enclosure-50 x 50 x 20 Pt 
Acoustic Generation - 170 dB - ( 0 - 5  Miz), 
VI 
r l  
ri e (15 x 15 x 6.1 m) s 
% 
!t%@& W s p m i n g  u 
8 
-€e 
0.3 KlliOn ElCOU8%iC W&kS I t 
(6300 N/m2) 
0 
1 
Lo 3500'F over 100 Pt: - 30 chm. d 500 kW . 
to 15009 OT F 1000 f t2  - 300 Chm. 8 25QkW VI +, *-I 
Ti 
( 19 30' C (9.3 m-) 
00 2 
(820%) (9.3 m2, I ,  Data Acquisition - 2100 chmehs 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
~6 - Tankage Thermal-Structural-Dynamic 
Test Facility 
Strxctural Floor - 250 x 100 f”t 
Load Programming - 400 channels (76 x 30 m) 
Thermal Programming - 0-25 Btu/ft2 sec 
over 6000 ft2 - 650 channel 
Cryogenic Tankage - lOO,OOO ft3 - 70,000 gpn 
(28301~3) (4.4 m3/sec) 
Mechanical Exciter System - 500 kip total 
Data Acquisition - 9000 channels 
( 570 m2) (0-28 W/CIU~) 
(2,222,000 N) 
S7 - Cabin Pressurization Facility -
~~ 
Load System - 2000 g p  8 15 psig 
Hydrostatic Test Cell - 350 x 150 x 100 ft 
Data Acquisition - 3500 channels 
(.126 mS/Sec) (20.5 N/cm2) 
(107 x 46 x 30 m) 
Operating Cost = $5lOO/run hr 
Operating Cost = $1200/run hr 
6 
4 
2 
0 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
I S8 - Transparency Test Facility 
ThermzJ. Programming - 65 (-54'~) to 2500°F 
(137OOC) over 500 ft2 (46 m2) 
Data Acquisition - 200 channels 
S9 - Cruise-Descent Thermal-Vacuum 
Test Facility 
hrvironmental Control Chamber-350 x 150 x 100 
(107 x 46 x 30 m) 
Altitude SimulatiorL Programming - 150 k f t  
(46 km) 
Themall. Programming - 3000 channels @ 5001rw 
Data Acquisition - 10,000 channels 
Ml - Local Flow Simulation Facility I 
Provides local :low simulation for materials 
samples where gas composition, local pressure r ehnd tempcreture, and ga$ velocity are dupli- 
catea. I 
Can be accomplished in engine 
test facility, utilizing air 
supply, heater, and refrigera- 
tion equipment of E6. Similar 
to NAATS Air Flow Transparency 
Tests for F-111 Escape Capsule. 
aperating Cost = $33,80O/run hr 
Can be accomplished in existing 
arc heated facilities, such as 
high pressure 4 megawatt heaters 
at AEDC and FDL, and 50 megawaet 
facility at FDL. Where lower 
pressures are required, there 
are many facilitiee av6ilable 
for local flow simulation on 
mal1 $aItlplel3* 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
Thermal Programming - -450 to 4500'F over 1 fi2 
(5' K to 2800' K) C.09~2: 
(flux to 450 Btu/ftzsec) 
(510 W/cm2) 5 Tensile-Compression Test Machines - 1 x 10 lb 
*.pact Test Machines - 5000 (ft-lb) 
( 6800 Joule ) 
Creep Test Machines - 20 kip at thermally 
(4.5 x 106 s) 
(89,000 N) 
controlled condj4ions - 50 channels 
Conductivity - high/low measurement 
Ehnissivity/Absorbency - solar , total, 
Expansion Coefficient - high/low 
Environmental Chamber - 15 x 30 Ft 
Thermal Properties 
spectral 
( 3  x 10 m) 
Altit~d~+15O kf't 
(46 k d  
Data Acquisition - 750 channels 
~- ~~ 
M3 - Them1;Mechanical -- Fxtigue Facility 
Thermal Programming - 450 to 4500°F over 6 f"t2 
(5' K to 2800' K) c.56 m2) 
(flux to 450 Btu/ft*sec). 
- 
(510 W/cm2) 
Mechanical Load Programing - +lo00 kip - 4 units 
Data Acquibition - 500 channels (4,448,000 N) 
__ .---. - . -  
Operating Cost = $300/run hr 
4 
3 
2 
1 
0 
I 
. . . -- 
Operating Cost = $500/run hr 
3 2  
1 29 0 .. . . 
REPORT MDC A0013 @ 2 OCTOBER 1970 
VOLUME II 0 PART 1 
FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AND 
COS l' SUMMARY PHASE I (COWTlNUEDj 
. -._I-- 
Operating Cost = $bOO/run h r  
M4 - Fabrication Technclogy Faci?Atx I 
Hydroclave - 10,000 ps i ,  20CJ°F, 20 x 10 ft 
(6,890 N/c& ( l looo  C) (6.1 x 3 m) 
Vacuum Furnaces - 10 x 10 x 10 ft ( 3  x 3 x 3 m) , 
operate at 3000°F, (1760% ) 
free cf coataminants 
F1 - Envir0menta.l. Control Systems Test 
Thermal P r o g r d n g  - -1 t o  10 Btu/ft2sec 
(-1 t o  1.2 W/cm2) 
over 10,000 ft2 
(15 x 30 m )  
Environmental Chamber - 50 (9%8?4 x 
Altitude simulation - 150 k f t  
(46 km) 
Fuel Storage - 10,000 f t 3  
(283 m 3 )  
Data Acquisition - 2500 channels 
3 
2 
1 
0 
33 
20 
10 
0 
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FIGURE 6-N3 GROUWO TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (CONTINUED) 
7, I ! 1 
F3 - Fuel System Compo nents Test Facility Operating Cost = $570/run hr. 
Cryogenic e - 10,000 pt3 
(283 m3) 
Data Acquisition - 500 cbmnels 
I 
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FIGURE 6-1a GROUND TEST FACILITY CAPABILITY AND 
COST SUMMARY PHASE I (COAITINUED) 
F4 - Fuel Sys t e m  Dynamic Facility 
Environmental Changer - 100 x 30 f% dia 
Altitude Simulation - 150 k f t  
Heating Systero - 25 ~ t u / f i  
~echanical Egciter mtem - 30 units 6 2000 
Cryogenic Fuel Tankage - 50,000 ft3 (1410m2) 
Data Acquisition - 2500 channels 
(30.5 x 10 d 
‘45 -1 
ssc over 5000 ft2 
(28 Wan?) (460 m2) 
(8890 N 
~ O , ~ O C  gpu (4.h m3/se 
FS - Fuel Handling Technology Test Facility 
Operating Cost = $2300/yrxn hr 
0 mi- d 
.- - - 
Environmental Chamber - 10 x 20 fy, 
Altitude SinniLation - 150 kft (3  It 6.1 m) 
(46 kd 
cryogenic !lknkage - 100,000 ft3 
Cryogenic Fluid Transfer System - 70,000 gpm 
Data Acquisit€on - 500 channels 
13 
0 
4 
r l  
.rl E 
e3 
I 
(2831 m3) 
(4.4 m3/sec) rl 
s 
0 
‘3 
0 
0 
4 
9 
4 
OQ 
4 
$ 
4 
8 
FIGURE 6-103 GRWABD TEST FACILITY CAPABILITY AND 
COST SUbsllltBRY PHASE I (COIUTIAUIED) 
SSl  - F ~ x c , ~  essiaa System Test F a c i l i t y  
25 
20 
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FIGURE 6-103 GROUIUB TEST FACILITY CAPA3ILITY AH0 
COST SUMMARY PHASE I (CONTINUED) 
R1 - fic1ea.r Blast Simulator Facility 
Thermal Source - 1500 Btu/q2sec over .5 rt 2 
(1700 W / c m  (.OS m2) 
for .5 see 
Nuclear Sources 
Data Acquisition - 100 channels 
3 
1 
0 
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FIGURE 6-103 GROUND TEST FACILITY CAPABILITY AMD 
COST SUMMARY PHASE I (CONTINUED) 
Test R w e  - 1 x 1 mi 
(1-6 x 1-6 h) 
REPORT MOC m i s  a OCTOBER 1990 
VOLUME LI 0 PART 1 
7. GROUND FACLEITY SCREEKING AND SEJXCTION 
Fifty-four (54) grotand f ac i l i t y  concepts w e r e  formulated i n  Phase I, each having 
a particular capability t o  contribute t o  the research required for the  potential 
operational systems. 
discussed i n  Section 6.12 (Figure 6-11]. This broad spectrum of f a c i l i t i e s  rep- 
resented varying degrees of capability improvements over existing f ac i l i t i e s .  
these 54 f ac i l i t y  concepts, i g  appeared very promising. 
eff ic ient  ut i l izat ion,  these 19 concepts were reduced t o  7 and were retained for 
fur ther  study i n  Phase 11. 
fur ther  study, even though it is felt  t ha t  t h e i r  specific application t o  t h e  HYFAC 
program is not great enough t o  m e r i t  inclusion i n  Phase 11. The screening process 
is sbown i n  Figure 7-1 and i l l u s t r a t e s  the  chronol~gy i n  which the i n i t i a l  54 facil- 
ities were evaluated, screened, and combined t o  yielti the 7 f ac i l i t i e s .  
Detailed descriptions of these f a c i l i t i e s  and the i r  costs are 
Of 
By combining equipment fo r  
In addition, 6 other f a c i l i t i e s  are recommended for 
Factors used t o  judge whether or not a particular f a c i l i t y  concept should be 
continued for f u r t h e r  refinement were : 
( l )  Canparison w i t h  Existing Ground Facil i ty Capability - If existing f a c i l i t y  
capabili t ies appeared sufficient t o  accamplish the specified research with 1i:tle 
or  no modifhation, then the concept was deleted f rom f'wther refinement. 
(2) Comparison w i t h  Qther Study Faci l i ty  Capability - The 54 postulated 
I n  some cases, the research accomplished by several. different f a c i l i t i e s  
f a c i l i t y  concepts represented a cross section 02 present experimental research facil- 
ities. 
was  quite s i m i l a r ,  and a clear choice could be made as t o  the most effective tech- 
nique t o  accomplish the  necessary research. 
i n  Figure 7-2. 
Much of t h i s  rationale is smmarized 
(3) 
( 4 )  
Contribution t o  General Aeronautical. Research and 
Contribution t o  HYFAC Aircraft Research - This d u d  evaluation was employed 
tc differentiate those facilities which may have a brad range of applicability t o  
general aeronautical research, from those facilities which had direct and signifi-  
cant application t o  the W A C  operational a i rcraf t .  
c r i t e r i a ,  some f a c i l i t y  concepts were qualified with the term reconrmended," rather 
than deleted. 
t o  accomplish the research for the p o t e n t i d  operational hypersonic a i rc raf t ,  their 
contribution t o  other areas of aircraft operation may be significant, and should be 
considered a concept recommended for further definition and study apart fram t h e  
HYFAC study. An example of a f a c i l i t y  t o  which t h i s  evaluation w a s  applied is GD4, 
the  transonic Ludwieg tube tunnel. 
craft, and transonic, l o w  supersonic cruiser aircraft, a f a c i l i t y  of t h i s  type may 
be m d a t o r y  if  economical and eff ic ient  sustained f l i gh t  operations i n  t h i s  area are 
t o  be realized. 
is minimal, such f ide l i t y  of flow f ie ld  and Reynolds nmber sixnulation is probably 
not warranted. 
As a result of applying t h i s  
0 
'This is intended t o  imply that, although not specifically necessary 
For research applicable t o  large subsonic air- 
However, for aircraft  whose time passixg through t h i s  speed regime 
( 5 )  Cost Analysis - I n  addititm t o  providing the necessary research, the 
f ac i l i t y  concepts should provide the needed cehpabili-.y at minimum costs. %?-e 
f a c i l i t y  offering the &sired level of capability at  minimum costs was g e n e r u y  
selected. 
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Facility 
Coasparison 
with Existing 
Capability 
FIGURE 7-1 
PHASE I FACILITY EVALUATIQOJ SUMMARY 
Comparison Canbibtiaa 
with oslter to General 
Study Facilities Aemmtiol 
Capability fksfmdl 
601 - 
GO2 
E4 
E5 
E6 
E7 
E8 
E9 
E10 
cost 
h l j s i s  
4 @el 
Phase II Facility 
Definition 
(Rebid Facilities) 
I 
E20 
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FIGURE 7-1 
PHASE I FACILITY EVALUATIQN SUMMARY (CONTINUED) 
Comparison Comparison 
with Existing with other 
Capability Study Facilities 
Facilities 
B 
I I 
FS20 (Recommended) 
Contribution 
to General 
Aeronautical 
Research -- . -. - - 
Conbi bution 
to HY FAC 
Aircraft 
Research 
cost 
Analysis 
Identification 
of Common 
Hardware and 
Test Equipment 
Phase II Facility 
Definition 
(Retained Faci I ities) 
- -_ -. . 
' (Redefined in terms 
(Deleted) 
(Deleted) 
(Delekd). Requirements 
could not be defined. 
I 
tea) 
i2 capability) 
(Pan? 7-4 is Blank) 
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RESEARCH FACILITY - EVALUATION SUMMARY 
~~~~ 
DESCRIPTION 
COST (1970 DOLLARS) 
ilESEARCH 
VALUE FACILITY 
$ MILLION 
OPERATION ADAPTABILITY GROWTH 
CAPAB I LlTY 
Large, pressurized low 
speed wind tunnel, cont. 
17 ft x 24 ft, M <  03 
Provides the same capal 
as does GD2 at Mach 
less than 03. 
$45.020 $6000 per 
occupancy 
hour 
Depending on design features, can 
do many types of tests, related to 
aeronaut i ca I development. 
Aeroelastic effects, forces and 
moments, control surface dev., 
maneuvering devices, high 
lift devices. 
Inlet development, steady state 
and time variant. 
Buffet rsearch. 
Boundary layer- shock 
interaction effects. 
Propulsion system thrust minus 
drag determination. 
Boundary layer noiselstructural 
dynamics. 
Inlet/airframe compatibility. 
Captive trajectory, flutter tests. 
Large, pressurized near 
sonic win' 'unnel, con- 
tinuous 
O l M i l  
17 ft x 24 ft 
(52 m x 73 m) 
1A maximum full scale Re 
110.7 Basic structure and powei 
plant limit growth capabil 
in terms of increased Mac 
No. and Re NO. most 
significant growth capa- 
bility in ancilary equipme 
to increase testing 
versatility. 
SrrS?? ?e! 
occupancy 
hour 
4!4.9 Same as for above except that 
high starting loads preclude 
flutter testing. Time variant 
inlet testing can be accomp. 
lished when the run time is 
30 seconds or longer. 
Sonic boom research. 
Large, mo&i& pnssur~ ,  
blowdown to atmosphere, 
trisonic wind tunnel 
.5 <M< 5.0 
16 ft  x 16 ft 
(4.9 in x 4.9 m) 
1/5 maximum full scale Re 
30 - 60 sec. run 
Pressure capability could 
increased 50% i f  includer 
in original design. Would 
provide going from 20% ' 
scale 2 to 30% full scali 
Re whic equals the capa 
bility of the flight resear1 
aircraft. 
~~ 
$820 per 
occupancy 
hour 
$1640 per 
run 
33.1 Relatively restricted due to short 
run time. Primarily fc~  verification 
of data, extrapolations from lower 
Reynolds No. facilities. Use in 
areas of: 
Aerodynamic forces and moments, 
maneuvering devices, high lift 
devices, control surface dev. 
inlet performance and recovery, 
shockhoundary layer interaction, 
boundary layer research. 
Installed propulsion system 
thrust minus drag, jet effects. 
Can extend maximum pres! 
from 500 si to 750 psi 
518N/cm ) i f  designed 
original facility. 
s 
Large, trisonic Ludwieg 
tube impulse wind tunnel 
.sgmc,3 
9x12 ft 
(2.7m x 3.7 m) 
Near full scale Reynolds 
number 
1 to 4 sec run 
$19.6 
5. EQLDOUT FRAMt 
ASSESSMENTS 
GROWTH 
CAPABILITY 1 
rovides the same capability 
. does GD2 at Mach numbers 
.ii than 03. 
* : structure and power 
* l imit growth capability 
terms of increased Mach . and Re No. most 
nificant growth capa- 
; in ancilary equipment 
increase testing 
Irsatility. 
__ 
iessure ca bility could be 
original design. Would 
;ali-fing from 20% full 
to 30% full scale 
whi equals the capa- 
of the flight research 
:;aft. 
:reased 5 c i f  included 
- extend maximum pressure 
500 si  to 750 psi (345 to 
*N”,/c 3 1 i f  designed into 
.-:mnm Y facility. 
DEVELOPMENT 
RISK 
Drive motor, shell pressure 
structural requirements, and 
accessory represent exist- 
ing hardware and construction 
techniques. 
Circuit design proven aero- 
dynamicaiiy and facility 
has little technical risk in 
achieving performance goals. 
~ 
Shell is within state of the art, 
considering pressures and size. 
Air storage would require a larger 
installation than current facili- 
ties but could be built with 
existing krdware. Risk in 
achieving goals is small. 
- 
Pressure limits are well 
within construction state of art. 
Compressor requirements are 
not severe for short duration 
facilities such as this. Major 
development items are hi@ 
pressure sphere to contain 
discharge pressure to reduce 
noise, and quick opening and 
closing valve in sphere inlet 
to provide quick stasting and 
stopping capability for facility. 
Fairly low risk, Model costs 
could be very high considering 
strength and surface finish 
necessary. 
OTHER 
Continuous operation, depend- 
in on model changes, about 
lOi angle of attack or yaw 
sweeps possible per 10 hour 
operating shift. 
Remote controlled model 
essential in minimizing model 
changes, control surface ad- 
justments. 
Blowdown operation, capable 
of about 16 angle of attack or 
yaw sweeps per 10 hour oper- 
ating shift. 
-~ ~ 
Although limited in scope and 
operation, capable of one angle 
of attack point per shot, and 
about 4 shots per 8 hour shift, 
its importance should not be 
overlooked. When Convair 990 
did nct meet cruise spec, It 
cost company about $50 million 
or about 3 such facilities. 
Large costs are required 
to correct unexpected 
problems, Such an investment 
seems justifiable. A l l  body 
shapes have transonic thrust 
minus drag problems and 
could use high Rae 
DISPOSITION 
Deleted from 
Final Phase I 
Definition 
Recommended 
9s necessary 
facility for 
aircr aft 
development. 
Retained 
for further 
definition 
in Phase II. 
Recommended 
as desirable 
facility for 
aircraft 
development 
programs. 
Similar to 
AEDC HlRT 
tac i lib- 
PRIMARY 
REASONS 
FOR 
D ISP OSlT I ON 
Overlapping capa- 
bility, better done 
by GD2 
An excellent 
facility, however 
it is  primarily a 
development facility , 
therefore w i l l  not 
be further refined 
in Phase II. 
Contributes 
significantly to 
research as well 
as vehicle 
development 
Contributes 
primarily to 
verification of full 
scale data extrap 
olations made from 
lower Reynolds 
number data for 
development 
programs. W i l l  not 
be further refined 
in Phase II. 
COST (1970 DOLLhriS) 
FACILITY 
ID EN T I  FIG AT ION 
DESCRIPTION RESEARCH 
VALUE FACl LlTY 
$ MILLION 
OPERATION ADAPTABILITY GROWT 
CAPABl LE 
Considering energy 3, I required, very limited. Same size and performance as GD7. Large hypersonic Hot- shot impulse wind 
tunnel. 
GD6 Large hypersonic 
shock tunnel 
Same s i x  and 
performance as 607. 
Run time too limited. 
Reynolds numbers comi 
to that available with . 
~ ~~ 
$1310 per 
occupancy 
hour 
$2630 per 
run 
~~ 
248.1 Provides 1000 times increase 
in  run time over shcck tunnels, 
as well as considerabie 
Reynolds number increase. 
With temperature increase, 
spwtaneous hydrogen super- 
sonic combustion, for model 
scramjet testing. 
Growthcapability i s  
able, NCL facility i s  . 
to 60,000 psi 141,500 
If mass flow can be ' 
possibility of full scale 
number duplication to 
Variable angle of attac' 
support system very :- 
this facility considerin 
Large hypersonic gas 
piston driven wind tunnel 
8 1 M 5 1 3  
10 ft diameter 
(3.05 In) 
1/5 maximum full scale Re 
1 to 4 Sec run 
$33.12 GD7 
GD8 Large alumina storage 
heater hypersonic wind 
tunnel. Low R,.
Capability similar to i' 
heater but maximum :J 
ture 300OoR (17OOOK) c 
pared to 4500°R (2500O 
for zirconia. 
GO9 Large zirconia storage 
heater hypersonic wind 
tunnel. Low Re. 
Rather good as scramjet 
engine facility. 
Redefined as engine I- 
E9. 
G D ~ O  
~~ 
Mu1 t i recomprecs ion 
heated hypersonic wind 
tunnel. LOW Re. 
For aerodynamic facilities 
with Mach number in excess 
of 14 the MRCH has 
application. 
Redefined as engine '- 
E8. 
GDl l  Large arc heated wind 
tunnel. Low R,. 
More applicable as scram- 
jet, or thermodynamic/ 
structural test facility. 
Redefined as engine - 
€10. 
GO12 
~~ 
Large pressurized bal- 
listic range. (Modified ;Y OL 
range with 5 atm tank 
pressure and larger gun) 
Gun bore - 7 in. (18 cm) 
Model dia. 5.5 in. (14 C:$ 
Range pressure (maxi- 
mum 5 atm) (50.5 N/cm ) 
MK 11 
Near full scale Re from 
1600 ft range. 
(305 m) 
M=2toM=lO.  
1.00 
(Modification 
cost) 
$12,000 to 
$18,000 
per shot 
6.5 Very little. Lifting body models 
not regularly tested at angle of 
attack. Generally zero $pees, 
or oscillation over 2 10 - If 
model l i fts too much it flies 
through tank walls and optical 
equipment. Data collection very 
difficult. Telemetry uncertain. 
Generally limited to gross aero- 
dynamic parameters. More appli- 
cable to ballistic weapons for 
research. 
Very little. 
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RESEARCH FACILITY - EVALUATION SUMMARY 
Considering energy system 
required, very limited. 
High risk in very large energy 
storage system required. 
Deleted from 
fin21 Phase I 
refinement. 
Lacks capability as 
represented by 0 7 .  
Deleted from 
final Phase I 
ref iaement. 
Lacks capability as 
represeded by 607. 
-- 
ASSESSMENTS PRIMARY 
REASONS 
FOR 
DISPOSITION 
DISPOSITION 
GROWTH 
CAPABILITY 
DEVELOPMENT 
RISK 
Operational problems and 
costs significantly greater, 
than for 607. 
Less than 1 msec rup !i 
at high Reynolds numbers. 
time too limited at high 
Reynolds numbers compared 
to that available with GD7. 
In terms of operation and 
data instrumentation 607 
offers much less complexity. 
Growth capability i s  consider- 
able, NOL facility i s  designed 
to 60,000 psi (41,500 N/cd). 
:f mass flow can be handled, 
possibility of full scale Reynolds 
number duplication to M = 11.5. 
Variable angle of attack model 
support system very pertinent to 
* '  'i facility considering run time. 
Prototype in  development at 
NOL. Zakkay at NYU has 
original small facility run- 
ring. NOL not developing for 
as high mass flows so that 
additional development i s  
needed. Probably 95% sure 
facility w i l l  work but 30% 
chance additional funds w i l l  
be required to wcck out bugs. 
I f  facility i s  increased to full 
capacity probably a Acost of 
15.0 million necessary, 
depending on original design 
assumptions. Facility costs 
could increase as perform- 
ance i s  upgraded because 
of damage done in event 
of a failure. 
Retained 
for further 
definition in  
Phase II. 
I Significant research value, and extension of currently avai I- 
able performance 
- 
Deleted fr: $1 Did nd reaily provide 
further definition significant aerodyt 
in Phase II. namic capability, in  
terms of Re duplica- 7  tion. - -  dility similar to zirconia l.-;er but maximum tempera- ture 300OoR (17OOOK) com- pared to 4500°R (2500°K) .for zirconia. Very stable matrix material, few operational problems. More appropriate as engine facility than high i iqnolds number faci l ia in Mach 6 to 14 regime. 
~ ~ ~ __ 
Redefined as engine facility 
E9. 
~~~~ ~ 
New stabilized zirconia, cored 
brick concepts greatly reduce 
operational problems. 
~ 
Did not really provide 
significant aerod y nam 
capabilia, in terms 01 
Re duolica tion. 
DiC not really provide 
significant aerodynam 
capability, in terms of 
Re duplication. 
Did not really provide 
significant aerody nam 
capabilrty, in terms 01 
Re duplication. 
Deleted fron 
further definition 
in Ohase I as 
GD facil'ty. 
Deleted from 
further definition 
in Phase I as 
GD facility. 
- 
Redefined as engine facility 
€8. 
W i l l  require very large input 
shaft powers. 
Conceived by Weatherston at 
Ctrnell as hinh Mach nun;:a 
12,6lnt'R (7000°K) class facility. 
Deleted from 
Iarther defiiiition 
in Phase I as 
GC facility. 
~ ~ 
About 1 or 2 shots per day. As 
gn appr0ac.b nlaximum 
performance, usable shots 
can drop to one out of every 
three or four. 
~ 
Recommentred 
a5 desirable 
facility for 
missile develop. 
ment and 
research programs. 
~ - 
Modification to 
existing facility. 
Not retained for 
further definition in 
Phase II. 
Very little. Risk not 00 severe. 5 Atm 
critical item. Shock wave from 
model could damage equipmen:. 
Equipment failure generally re- 
sults in  severe facility damag:!. 
(52 N/cm 1 ) tank presslrre most 
I 
MeDONNRLL AIR=-ART 
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RESEARCH FACILITY - EVALUATION SUMMARY 
GO17 
COST (1970 DOLLARS) 
DESCRIPTION RESEARCH 
VALUE 
FACILITY 
IQEIjrlFlCATlOW FACILITY 
f MLLIOW 
OPERATIO# ADAPT ABILITY GROWTH 
CAP AB! LlTY 
19.7 Rimarily for testing of opera- 
tioaal co~lponents. Aero ' 
hemodynamic measurenents 
difficult at hest. Smal models 
required because lift can cause 
sled to l ift off track 
~ 
Doubtful. Holbman AFB rocket 
sled back (extension 
ofpentmkto 
achieve Mach 7)  
6013 
Go14 
GO15 
For cost of m n i e  a major 
Pr0gr;erp of 10 launches, $9 
million is required, that is, 1 Q 
to 1/4 the cost of a grand test 
facility which can accomplish 
considerable awre testing 
over its lifetime. 
Depends pimarilv on - 
of launch rocket, t.,ia 
$1190 ger 
=m=Y 
koM 
2453 
l2l.l Fa this lhch No. =,e, this 
Reynolds nlwber capability 
represents a run time increase 
over existirig high Re facilities. 
Therefore it can do mrything 
ament hypersmic implse 
tunneb can do, but Mer. 
Aemdynamic force and ow)rp&nts. 
corrtrol swfaoedevelopaient 
In- heating. 
Heat  transfer lwasmmnt. 
slmkfmum bier idegration. 
Inlet performe boundary Iaym 
and transition research nm- 
spontaneous, fuel burning for 
subsonic supersonic amhstim. 
500 same cments  as for 603 
except flutter testing is not 
excluded. Continuous 
version of GD3. 
Growth capability limitec 
because of shell design 
cmpess@r/drive system 
limitations. 
Large, high Reynolds 
wmber, continuaus bi- 
sonic wind tunnel 
05 M 6: 5.0 
16 x 16 ft (4.9 x 4.9 m) 
1/5 maximum bli a l e  Re 
M C D Q m N E U  AIRCRAFT' 
7-7 
DISPOSITION 
GR01#7H 
CAPABILITY 
DOUbtfUl. 
~epends primarily OR the size 
launch rochls utilized. 
capabilitj limited 
m~use of shell design and 
:mvemr/drive system 
limitations. 
DEVELOPMENT 
RISK 
Burning of slippers severe 
limitation. Risk increases with 
increasing Mach No, above about 
3.5. Catsidering ribration, etc., 
Acanaey of data is Rot sufficient 
to see differems from law Re 
data. 
Fabrication of a tmel circuit 
of this size and pressure capa- 
bility mld challenge curent 
technology. Risk considerably 
hi* thm 603. Coarpresu 
plant volu~se flow 80 times 
largest current plants. 
OTHER 
ContiRgMls operation not 
as produditre when many 
Inaodel eRanges associated 
with research must be 
ficc-ed. 
ReCorilrnended 
as desirable 
facility far 
cmponent 
dewlopiaent. 
Meted 
from h t b r  
definitim in 
Phase 1. 
ReMRed far 
fasther 
definition in 
Phaw II. 
QsMd 
from h r h r  
definition 
in Phase 1. 
PRIMARY 
REASONS 
FOR 
DISPOSITION 
gbdification to 
existing facilityr, 
net retained for 
further definition 
in Phase II. 
4ccording to WASa 
langley, Wallops 
Island capability i s  
adequate aud is 
errpensive of data quantity i  ternis 
returned. 
Acquisition aml 
ojmtional costs 
for nearly thesame 
capability. 
miy enceed eo3 
FAClLrY 
IDENTIFICATION 
u 
E2 
E3 
E4 
E5 
E6 
ft 
DESCRIPTION 
Large engine rocket test 
cell (LRF at AEDC) 
Wind tunnels adapted 
for engine tests. 
Ttoboaaachinerp 
engine facility. 
Exhaust nozzle test facility. 
Engine dynamic simulator. 
- 
Direct connect turbo- 
machinery test cell. 
Flight duplicated conditions 
to M= 5.Sea level to Ill= 1.2 
2ooO psf (95,700 W/cm2) 
qtom =43. 
150 psi (103 W/cm2) duct 
pressuretoM=51 
M a x i m  Engine 25 sq R 
(33 d)  A c e  
Free jet turbomachinery 
test all. 
Same as above except 
maximum Mach number is 4. 
COST (1970 DOLLARS) 
FACILITY 
s WlLLlQW 
104.0 
208.0 
COlAbined E6 
E7 as com- 
bined facility 
costing $232 
millian. 
Designated 
3s E20 in 
Phase II. 
-I 
OPERATION 
RESEARCH 
VALUE ADAPTABILITY GROWTH 
CAPABILIT' 
The only addition whic 
necessary is additiona 
storage for large rake 
now testing storable ' 
This concept is valid for con- 
tinuws facility concepts where 
provisions can be made to 
handle exha& gases. This 
concept could not be reasonably 
applied to intennittent high 
Reynolds number facilities. I 
183.9 
211.3 
Adaptable to either conventional 
direct conned or modified direct 
connect to achieve simulation of 
dynamics of terminal shodt 
stability. Storable or cryogenic 
fueled engines. Adaptable to 
turbojetshurborarnjetts as we1 I 
as turbofans with supple- 
mental equipment. 
Primarily for inlet/engine com- 
patability testing with dynamics 
of actual bleed, spill, ramps, and 
engine interacting. Inlet to super- 
sonic nozzle can be screened to 
simulate total pressure field 
adjacent to fuselage, wing. 
Logical combination with M. 
~ 
Not lage in growth. 
Can handle very large 
up to 1650 Ib/sec (7: 
mass flow and 35 sq 
capture area. Basic ~ 
potential is in test diw 
and technique developi 
well as inacased mas! 
Sameasabove. 
hesent limit. 
For inlets with 17sq 
capture area. Angles 
up to 200, dud height* 
ratios from 1 to 3. 
For inlets with 35 sq 
capture area, up to 1W 
of attack. For duct he I width ratios ftm 
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GROWTH 
CAPABl LITY 
RESEARCH FACILITY - EVALUATION SUMMARY 
DEVELOPMENT OTH Ei 
RISK 
Deleted as 
viable con- 
cept for 
Phase I gas 
dynamic 
l facilities. 
The only addition which might be 
storage for large rocket tes 
necessary is additional LH 
now testing storable fuels . 
' 
I 
Current capability at AEDC 
w i l l  accommodate projected 
needs for HY FAG aircraft. 
Deleted 
from further 
definition in 
Phase 1. 
This facility represents a 
combined free jet, direct con- 
nect facility. In order to better 
establish requirements 
associated with each mode of 
testing, facility was separated 
into E6 and E7 facilities. 
Deleted as 
separate 
facility 
concept. 
Deleted as 
separate 
iacility 
concept. 
~ 
Deleted as 
separate 
facility concept. 
Not large in growth p2ential. 
Can handle very large engines 
up to 1650 Ib/sec (750 kg/sec 
capture area. Basic growth 
potential is in test diversity 
and technique development, .as 
well as increased mass flows. 
massflowand35qR (3.3m 2' ) 
Same as above. 
Resent limit. 
 or inlets with 17 sq ft (1.6 $1 
capture area. hgles of attack 
up to 200, dud height4o-width 
ratios from 1 to 3. 
For in& with 35 sq ft(3.3 12) 
capbe area, UP to 100 angle 
d attack. For duct height-to- 
width ratios from 0.8 to 1.5, 
- 
Althougli la*, it dOB not a- 
ceed present capability in 
sonsbrction techniques, hard- 
ware performance, or equipment. 
Risk is primarily in design of 
large components. S imi l i l  to 
T-1 and J-2 at AEDZ except 
flight simulation is carried to 
Mach 5.5 instead of 3.0. 
No facility of this type and scope 
in existance. Wjot development 
design problems w i l l  be heater 
and adjustable nozzle. However 
pressures and temperatures 
within state of art. Air supply 
w i l l  have greater risk and care- 
ful development is necessary, 
because of its size and power 
required. 
Continuous operation. cwld do 
continuous 150 hour PFRT i f  
required. 
Required by full scale M = 3.5 TJ 
and M = 4.5 Tf?J i f  full temperature 
ranps i s  desired. 
~ 
Will be able to test dynamics of 
turboieVramjet conversion. 
Size of notale, and temperature, 
pressure duplication make it a 
logical materials/structural test 
facility for full scale compo- 
nents, especially for duplica- 
tion low altitude flight and 
composite structure research. 
Retained 
for further re- 
finement in 
Phase II 
Retained 
for futher 
refinement in 
Phase II 
PRIMARY 
REASONS 
FOR 
DISPOSITION 
~ 
AEDC provides cam- 
bility with existing 
facilities for engines 
many times larger than 
any used by the po- 
tentia! operational 
aircraft. 
Gas dynamic facilities 
did not provide neces- 
sary engine test condi- 
tions. Those that did 
were redesignated as 
engine test facilities. 
Redefined as E6 
and €7. 
Test capability can be 
achieved in any of gas 
dynamic facilities 01 
engine test facilities 
as special test setup. 
Ted capability repre- 
sented in each of 
engine test facilities. 
Required to 
research, develop, 
and qualify 
engines 
Required to reseacb, 
develop, and qualify 
engines. Necessity 
for this facility closely 
associated with need 
for inletlenginelex- 
bust nonle compati- 
bility verification and 
research. 
NICDQNNECL AImRAF7 
7-8 
FACl LlTY 
ID EN TI  FIC AT ION 
€8 
F9 
v -  
€10 
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RESEARCH FACILITY - €VALUATION SUf'MARY 
~~ ~ 
DESC RlPTl ON 
Multirecompression heater 
engine test facility. 
Duplicated conditions, 
Mach number just ahead of 
cowl. 
Corresponding to flight 
Mach number 
6 - M - 1 2  
Test ram, scramjet engines 
for 10 sq ft  (0.93 d )  cap- 
ture area, from 75,000 to 
160,000 ft (23 to 49 km) 
altitude. 
Continuous run time. 
Hybrid heater engine test 
cell. 
Duplicated conditions. 
3 M-  9.0 
Ramjet, scram, c-scram jet 
test. duplication local Mach 
number just ahead of cowl. 
Engine capture area 10 sq ft. 
(0.93 m2). 
Continuous run time with 
corn bust ion products. 
30 second run time with 
clean air. 
Very large, arc heated ramjet 
test facility. 
Same as €8 run time - 30 
min. 
~ ~~ 
COST (1970 DOLLARS) 
FACILITY 
S MILLION 
79.4 
Hybrid 53.2 
Graphite 55.0 
92.4 
-- 
OPERATION 
-- 
$10,000 per 
occupancy 
hour. 
$18,200 per 
occupancy 
hour. 
- 
$3800 per 
occupancy 
hour. 
~ 
RESEARCH 
VALUE 
273.8 
232.2 
211.8 
ADAPT ABILITY 
Although primarily for scram, con- 
vertible scramjet combustor devel- 
opment, the facility has many 
other applications. Transition from 
subsonic to supersonic combustion 
can be tested. as well as flight 
profiles between I 6 to I 12. 
Continuous run time provides a 
reasonable time schedule for PFRT. 
Development of heat exchanger 
panels, inlet heat transfer, bound - 
ary layer research, transpiration 
cooling, and inlet 'claw interaction 
can be undertaken. 
The primar; ;rurpose is to pro- 
vide ramjet. and convertible 
scramjet operation test COR 
ditions from initial light off 
through conversion, and into the 
supersonic combust ion opera- 
t ion. The dualbeater system 
reduces operational costs and 
risks, yet provides thermai pre- 
conditioning capability and 
run time sufficient for PFRT 
operational tests. One minute 
per hour used for air flow to 
obtain performance data. Ex- 
cess 02 is used in combustion 
products to simulate 20% excess 
oxygen ;rl air, and permit engine 
operation. 
Can provide large structural Lst- 
ing capability. At Mach 10, a 9 f t  
(2.7 m) diameter noule can be 
used compared to the 3.5 ft  (10.6 in) 
n m l e  on the 50 megawatt facility 
at FDL. Major structural sections 
can be tested at duplicated 
flight conditions for about 30 
minutes duration. Trajectory 
time history can be duplicated. 
Heat transfer limitations restrict 
operation to 
1 p p o  - 39,000 Btu /Ib(atmb 
GROWT. 
CAFA3i L l  
Growth capability lies. 
the versatility of the ' 
Redesign of the rotor. 
provide higher enthalp 
provide presently uno1 
conditions fp- *eentry 
weapons. Adoition of 
2.7 m)diameter a e r d  
system will permit . 
conditions up to Mach 
components, arb9 hea! 
research. This facilit 
facilii, 'or nozzle ex!. 
with suitable exhaustc I 
Sage as above, for €8. 
of 120 (nitrous oxide] 
to exit of graphite can 
exit temperature to E! 
(3100 !a 33000K). Harw 
pressurized 120 i s  T' 
C2H2, and developmen 
faciq staage and ham 
is  yet to be realized 
necessary test facilitie 
crement of 5 million 
for nozzle 'diffuser, .. . 
for Mach 10 aerodynam 
system. Size growth c' 
with carbon combustor 
nificant, with capabilit 
accommodate up to 30 
capture area. 
Primarily the same as 
using existing arc heak 
nology. Lower pressure 
ance than E8. Same c- 
€8, for use and cost ': 
for large diameter aeroi' 
nozzles. 
MZDQNNELL AlRCRAFT 
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ASSESSMENTS 
GROWTH 
CAPAB I LlTY 
Growth capability lies primarily in 
the versatility of the basic facility. 
Redesign of the rotor system to 
provide higher enthalpies could 
provide presently unobtainable 
conditions for reentry ballistic 
weapons. Addition of a5 to9ft (15 to 
2.7 m)diameter aerodynamic nozzle 
system w i l l  permit duplicated flight 
conditions up to Mach 10 on structura 
components, and heat transfer 
research. This facility IS a logical 
facility for nonle exhaust testing 
with suitable exhauster addition. 
Same as above, for €8. Addition 
of 120 (nitrous oxide) injection 
to exit of graphile can raise the 
exit temperatuE to 5600 to 6 W R  
(3100 to 33000K). Handling of 
pressurized N29 IS similar to 
CzH2, and development of a satis- 
factory starage and handling system 
is yet to be realized for quantitized 
necessary test facilities. Cost in- 
crement of 5 mi l l  ion necessary 
for nozzle 'diffuser, exhausters 
for Mach 10 aerodynamic nozzle 
system. Size growth capability 
with carbon comb?ator is sig- 
nificant, with capability to 
accommodate up to 30 ft2 (2.9 m2) 
capture area. 
~ 
Primariiy the same as E8 except 
using existing arc heater tech- 
nology. Lower pressure pedorm- 
ance than €8. Same comments as 
E8, for use and cost increments 
for large diameter aerodynamic 
nozzles. 
DEVELOPMENT 
RISK 
This concept has not been opera- 
tionally developed. Not included 
in the cost but required would be 
a subscole develooment facilitv 
costing :.bout $15 million dollars. 
Although technically sound, trans- 
lation into practical hardware w i l l  
require developmen! period. Cost 
could be increased by at least 
15P0. Risk is significant. 
Requires total installed hone- 
power exceeding one million 
horsepower (746,000kW) 
The combustor is similar to the 
&foot structures tunnel at LRC, 
the difference being that carbon 
black is used as a fuel, prevenl- 
ing water vapor in the combus- 
ition products which affects both 
the hydrogen conbustion and 
metal oxidation resistance. 
Pebble bed is well within state 
of the art. Graphite heater is 
like Lewis Plumbrook heater 
except operated continuously. 
Risk technically is minimum. 
Hardware-wise some components 
need development to minimize 
piesent risks. As with all large 
storage heaters, material selec- 
tion and performance is a 
factor. 
Greatest risk i s  in plenum chamber 
fm 6 arc heaters. Repair and 
maintenance costs high for arc 
heaters. Electrode life about 100 
hours or less. Risks not signifi- 
cant on tunnel, hardware, con 
struction. Some risk on operation 
and control of 6 adjacent arc 
he&, excessive plenum chamber 
heat losses. Sonie very non- 
uniform enthalpy distributions 
in test section have been re- 
ported when heaters are oper- 
ating at maximum power. 
OTil ER 
This is the only concept which 
takes up where pebble heaters 
leave off, which can give clean 
uncontaminatec' qir over this 
presswe tcmperature range. 
With reference to growth poten- 
tial, reduction of supply pressure, 
but maintenance of the same 
mass flow can provide test sec- 
tions up to 15 ft (4.6 m)diameter at 
Mach 12. A cost increment for 
nozzle diffuser hardware and in- 
creased exhauster capability of 
5 million. 
This facility is  an attempt to 
achieve part of the capability of 
E8 using available technology. 
The hybrid nature of the facility is  
due to the run time limitation of air 
storage heaters of We alumina, zir- 
conia type. and the requirement 
for 50 hours pwlification for PFRT 
and thermal preconditioning of 
cryogenic cooled inlets before 
sudden exposure to a 30 second full 
temperature run. For the hybrid 
heater system, the run time is con- 
tinuous with the codustion heater, 
and is 30 seconds every half hour 
for the pebble bed operation. 
For the graphite heater version the 
run time is continuous up to the 
limits of the oxygen supply system, 
about 4 hours. 
~ ~ 
Significant copper contamination in 
flow from 0.1 to 1%. 
6 - (N 7) Linde type arc heads, 
nominally rated at 50 meg-watts 
operated at 125 megawatts each. 
Based on N =- 4 heater, nominally 
a 16 megawatt heater, but operated 
at 30 minutes at 48 megawatts, and 
has achieved levels of 50 mega- 
watts. 
DISPOSITION 
Retained 
for further 
refinement 
in Phase II. 
Retained for 
further refine- 
ment in Phase 
II as the com- 
bined zirconia 
heater 'carbon 
combustion 
facility. 
Rejected 
for Further 
refinement 
in Phase I I .  
PRIMARY 
REASONS 
FOR 
DISPOSITION 
Required for 
ramjet research, 
high research 
value. New concept. 
Significant 
increase in 
existing 
capability, but 
with risk. 
Same as E8 
except requires 
less facility 
development, 
could be opera- 
tional at an 
earlier date, 
with less risk. 
New concept 
high potential 
at reduced costs. 
Not equal to 
perfomme of E8 
and E9, with 
possibly much 
higher repair and 
maintenance 
costs. Questions 
could arise as 
to influence of 
even the small 
quantity of metal 
contamination in 
airstream where 
heat transfer is 
involved. 
COST (1970 DOLLARS) 
FACILITY 
IDENTIFICATION 
DESCRIPTION RESEARCH 
VALUE OPERATION FACILITY 
S MILLION 
ADAPTABILITY GROWTH 
CAPABILIT 
FS 1 1200 98.7 Basic installation limit. 
timal size aowth range 
capability of gowth thrti 
proved resolution, freqw 
response, and elemental 
impmvemed exists. 
Adagt;rble to wiie range of vehicle 
simulations through vogramming 
and minor hardwae changes. 
Six degree of freedom with 
audio-visual-physical syn- 
thesis pmgmned through 
large hybrid computer. 
Crew trainer. 
13.5 
FS 2 Same as FS 1 with greater 
acceleration rates for 
engineering evaluation. 
14.0 1280 Same as FS 1 Same as FS 1 
FS 3 Same as FS 1 with greater 
acceleration rates and 
tained acceleration for 
engineering evakration. 
centrihl$e luountedfor sus- 
15.0 1800 Same as FS 1 
Canplexing of FS 1, FS 2, 
FS 3 facilities to share 
building, services, CQ~~II~W. 
3Q8 3008 FS 20 Would offer one complel 
services now available 
in separate facilities 
s1 steedy sbte low leuel 
overall structural heating 
with static load applica- 
tion on entire airframe. 
Test area 15Ox350R 
(46xloOm). 
500 Load channels. 
450 Thermal control channels, 
15,000 data channels. 
1OOOK ft3 fuel tankage 
(28300 d). 
54.9 136.7 Adaptable to any smaller sized 
test article with proportional 
increases in heating level. 
Adaptable to transient heating 
and loading with limitation based 
on size of initial services 
installed. Complete full scale 
aircraft. 
Basic structure and ins 
services limit size ran- 
growth. Distribution of 
ing and loads impmvabli 
increasing quantity of 
system control units. A 
growth vasion of egisti1 
ities with upgraded quai 
and gvphite heaters. 
8221 
S2A Nearly total dynamic 
thermal-physical environ: 
rnent simulation on entire 
airframe 15Ox350x100R 
[46 x 107 x 30 m). 
Envir. sntal chamber. 
500 Loar channels. 
3000 Thermal control 
channels. 
91w Acoustic watts. 
13,000 Data channels. 
LOOK It3 fuel tankag!? 
Pa0 
309 148.7 Adaptable to any smaller sized 
test article. Use of facilities of 
this magnitude for smaller test 
articles would be very uneeo- 
nomical with respect to operat- 
ing costs. Any combination of 
facilities could be utilized for 
variations in levels of thermal- 
physical environment simulation. 
Complete full scale aircraft. 
~~~ ~ 
Basic chamber and insta 
services would :imit gro 
Heating and loading 
tion could be improved 
additional equipment. 
38,167 
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RESEARCH FACILITY - €VALUATION SUMMARY 
ASSESSMENTS PRIMARY 
REASONS 
F3R 
DISPOSITION 
DISPOSITION 
GROWTH 
CAP4BILITY 
I 
DEVELOPMENT 
RISK 
OTHER 
Computer, mechanical, and audio 
systems within existing capabi lies. 
Video system resolution and dis- 
play range are currently not within 
capability. However, existing 
approaches are marginally accept - 
able. 
Primarily to research crew station 
concepts, train pilots of research 
aircraft, arld evaluate operational 
aircraft pilots and standards. 
Recommended. 
Not further 
refined in 
Phase II. 
Small increment 
over existing tech- 
nology. Existing 
facilities can 
accomplish with 
modification. 
Basic installation limits opera- 
tional size growth range. However, 
capability of growth through in;- 
proved resolution, frequency 
response, and elenrental hardware 
improvement exists. 
Same as FS 1 Same as FS 1 Recommended. 
Not further refined 
in Phase II. 
Upgraded and existing 
facilities can accomplish 
necessary research. 
~~ 
Same as FS 1 Same as FS 1 with additional 
idmpkxity risk resulting from 
centrifuge meunt and associated 
transmission system problems. 
Recommended. 
Not further 
refined in 
Phase II. 
Same as FS2. 
New risk is time sharing of 
services and computer. 
Would provide unified complex for 
research, but additional costs to 
acquire complete facility could 
better upgrade existing facilities. 
Recommended. 
Not further 
refined in 
Phase II. 
Same as FS2 ex- 
cept representing 
integrated 
capability. 
Would offer one complex, 
services now available only 
in separate facilities 
Basic structure and installed 
services limit size range 
growth. Distribution of heat- 
ing and loads improvable by 
increasing quantity of test 
system control units. A basic 
growth version of existing facil- 
ities with upgraded quartz lamp 
and graphite heaters. 
Although the research value per 
dollar is  high, this facility rep- 
resents largel;. a facility for an 
SST aircraft, upgraded in 
thermal heating capacity. 
Deleted from 
further refine- 
ment in 
Phase II. 
Capability 
included in 
S2 iacility. 
Not sufficient 
increment over 
existing farilities. 
Quantities of control channels 
fall within plausible operable 
ranges through direct computer 
control systems. The test 
utilization of large quantities 
of cryogenic fuel portends a 
high risk without prior fuel 
handling technique develop- 
ments. 
Basic chamber and installed 
services would l imit growth. 
Heating and loading distribu- 
tion could be improved through 
additional equipment. 
~~~ ~ ~ 
The environmental chamber 
and pumping system are possible 
using existing technology. The 
thermal mechanical, dynamic, 
and acoustic sources are within 
technology capacity by use of 
multiples of existing type hard- 
ware, the simultaneous applica- 
tion of these systems and the 
reliability of the systems 
involved to perform as an 
integrated test system por- 
tends a very high risk level. 
A facility of this type would be 
required to answer major struc- 
tural poblems associated with 
HY FAC vehicles. If test article 
size can be reduced while 
maintaining research value, this 
facility may become more 
realistic in terms of research 
return per dollar. 
Not recom- 
mended at this 
stage because 
of high cost & 
risk compared 
to S2B. W i l l  
be studied as 
an alternate to 
S2B in Phase II. 
Only facility of its 
kind to do this kind 
of testing, in spite 
of low research 
value per dGllar 
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RESEATCtI FACILITY - EVALUATION SUMMARY 
COST (1970 DOLLARS) 
DESCRIPTION RESEARCH 
VALUE OPERATION 
F AC I LlTY 
IDENTIFICATION 
S2B 
s3 
s4 
s5 
S6 
s7 
FACILITY 
S MILLION 
ADAPTABILITY GROWTH 
CAPABILIT' 
101.7 Same as S2A except far 
full scale major section 
of aircraft. 
Same as S2A Nearly total dynamic 
therma I physi ea I environment 
simulation on major componen 
lOOx l O O x  50 ft(30 x 30x 15 m) 
environment chamber 
200 Load channels 
1100 Thermal control 
channels 
6M acoustic watts 
3 0 0  Data channels 
11,372 145 
17.3 2702 I 184.1 Adaptable to perform individually 
applied thermal or mech. loads 
either statically or in a fatigue 
program. 
Full scale component of 
aircraft. 
Basic structurz and in- 
stalled services limit ' 
article size or range . 
parameters. Additionall 
systems would increas 
but ion capabi I i ty . 
Thermal and repeated 
mechanical loads testing 
of structural component 
175 Thermal control channels 
30 Load channels 
80k cu ft (2300 d) fuel 
tankage. 
4000 Data channels 
Acoustic environment test 
on airframe 150x350~ l O O f t  
(46 x 107 x30m) acoustic 
shroud. 
9OOOk Acoustic Watts 
9500 Data channels 
34.6 Very limited - shroud must be 
sized with respect to test 
article. Acoustic system i n  
modular form is  adaptable to 
article variations. Full scale 
major see t i on of aircraft. 
Limited by initial serv 
stalled. Distribution i.. 
by addition of source c 
modules. 
~ 
11.5 
-~ 
Same as S4. Thermal acoustic test on 
airframe component 
SOX 5Ox20ft (15 x 15x 6m) 
acoustic shroud. 
300k Acoustic watts 
330 Thermal control 
channels 
2100 Data channels 
Acoustic shroud has limited 
adaptability to test article 
configuration variations. 
Thermal and acoustic systems 
could operate independently. 
Thermal strdctural dy- 
namic test o! large fuel 
tanks 
100x250ft(30x76m) 
structural floor 
400 Load channels 
650 Thernal control channels 
look ftj (2800d) 
fuel storage 
9000 Channels data 
33.7 Load and thermal control 
systems can be applied inde- 
pendently. Full scale tank- ! age assembly of aircraft. 
Initial sizing of bldg - 
services limit growth. 
and load distribution i.. 
by additional control I 
4' 4.2 Very limited Hydrostatic test cell 
35x150~100 ft (llx46x30m) 
3500 channels data 
5.4 
-- 
- 
Easily expanded 
MCDONNELL AIRCRAFT 
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I 
Easily expanded None 
ASSESSMENTS PRIMARY 
REASONS 
FOR 
DISPOSITION 
DISPOSITION 
GROWTH 
C APABl LlTY 
DEVELOPMENT 
RISK 
OTHER 
Same as S2A Same as S2A with somewhat 
diminished risk due to fewer 
control channel systems 
involved, less complex 
test setap. 
To be studied as 
part of parametric 
study in Phase 11. 
To maintain re- 
search value while 
reducing costs. 
Basic structure and in- 
stalled services limit testable 
article size or range of test 
parameters. Additional control 
systems would increase distri- 
bution capabi I i ty . 
Same as S1. 
Test system reliability 
diminishes with increased 
test temperature and number 
of test control parameters. 
With power, equipment, atid capa- 
bility of S2, this facility capabil. 
ity could be integrated into S2 
complex, using a fraction of the 
total system capability. 
Retained fot 
further refinement 
in Phase II as a 
part of a basic S2 
facility complex. 
Good research return, 
accomplishes 
significant research 
~~ ~ 
Limited by initial services in- 
stalled. Distribution improved 
by addition of source control 
modules. 
Risk involved in  synchroni- 
zation of multiple modular 
acoustic generators and 
accomplishmen! of airframe 
distribution requirements. 
Acoustic shrouds of this magni- 
tude are well beyond current 
technology. 
Deleted for 
further refinement 
in Phase II. 
Insufficient increment 
over present facilities 
considering costs, 
questionable as to 
necessity of testing 
such large specimens 
cmidering risks. 
Same as S4. Same as S4 with additional 
synchronization of t her ma I 
program. Risk compared to 
S4 is low for this size system. 
Same comment as for S3. 
Acoustic shroud of this size is  
extrapolation of current 
technology. 
Retained for 
further refinement 
in Phase II as a 
part of the basic 
S2 facility 
complex. 
High research return 
Same as S1 Requirement for complete 
tankage system test i s  no! 
completely justified. Single 
tank element may suffice. 
Retained fa 
further ref inernent 
in Phase II as a 
part of the basic 
S2 facility 
complex. 
Low research return 
for dollar, however 
can utilize S2 hard- 
ware at low cost for 
component -ized 
test articles. 
Initial sizing 01 bldg and 
services l imi t  growth. Thermal 
and load distribution improved 
by additional control units. 
Deleted for 
further refinement 
in Phase II. 
Can be accom- 
plished in existing 
facilities. 
Basically same facilities as 
required for qualification of 
commercial aircraft fusel ages. 
I 
1 181.0 
800 
I I 4 fatigue loading machines . 500 data channels . 
152.1 Same as M2 Same as M2 
~~ ~ 
Large, provides capabilit 
researcn fabrication techn 
so that material data obtai 
1 in the laboratory can be ' 
lated into practical structi 
Suitable for verification 
tests in S2. 
2.5 
31.1 
~~ 
300 175.8 Adaptable to all material fabrica 
tion techniques currently 
envisioned as applicable to 
hypersonic aircraft. 
3303 51.2 Adaptable to component thermal 
vacuum tests and thermal 
tests and thermal structural test. 
COST (1970 DOLLARS) 
DESCRIPTION 
AD APT AB ILlTY 
$ MILLION CAPABILITY 
F AC I LlTY 
IDENTIFICATION 
S8 Thermal structural test of 
transparencies -65 to 1300OF 
(-54 to7050C)over 5Osq f t  
(4.6 m2) 
Usable for low level local flow 
test. Full scale crew station. 
Limited by initial I installation 
s9 Thermal vacuum test of 
airframe 150x350x100ft 
(46xl07x30m). 
3500 channels thermal control 
10,000 data channels 
254.8 33,300 1.1 Limited, full scale major Limited by initial 
section of aircraft. installation size. 
Local flow simulation on 
material test coupons. 
Can provide determination of 
local flow environments on wide 
range of materials and shapes. 1 
M1 
M2 Determination of thermal, 
physical, and mechanical 
properties of materials. 
Heating to 45000F (2480OC). 
50 creep test machines. 
Thermal properties deter- 
mination. 
1M Ib (4,448,000 N) 
tensile machine. 
Environmental chamber. 
750 data channels. 
4.2 800 Adaptable to full range of 
materials. 
~~ ~ ~~ 
Growth limited by initial 
Casability improvable by 
modifications or additions 
M3 Determination of t hemal/ 
mechanical fatigue properties 
of materials. 
Heating to 450OOF (2480%). 
4.4 
M4 Development of methods and 
procedures for fabrication of 
advanced structures. 
Hydroclave - 10 ksi 
(6900 N/cm2). 3030OF 
(1650OC) vacuum furnace. 
Autoclave - 500 psi 
(345 N/cm2) 
Nondestructive test. 
F1 Environmental control 
systems evaluation. 
50 x l O O f t  (15 x 30m) 
environmental chamber. 
100,000 Btu/sec (105 x 
15 J/sec) thermal control. 
fuel storage. 
2500 data charnels. 
10,000ft3 (283 d) 
Strwtural test capability 
abie by load system acqu 
Otherwise growth limited 
installation. 
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RESEARCH FACILITY - EVALUATION SUMMARY 
Only development risk is fuel 
system integration. Hardware 
based on existing components 
and performance levels. 
Components can be devel- 
oped in existing facilities. 
Where necessary, S2 can 
provide capability. 
I- 
DISPOSITION 
ASSESSMENTS PRIMARY 
RUSONS 
FOi3 
DISPOSITION 
Currently en .sting 
systems capable of 
task performme 
GROWTH 
CAPABl LlTY 
DEVELOPMENT 
RISK 
OTHER 
Limited by initial 
installation 
Deleted for 
further refinement 
in Phase II. 
Slight. If existing facilities cannot 
accommodate, air supplies 
from E6 or E7 c?!: xxmpl ish  
with soecial test setuD. 
Could be partially 
accomplished in S2. 
Same as S2B with respect to 
theraal system and environ- 
mental chamber. 
Deleted for 
further refin wnt 
in Phase II. 
No sigi:i;ican. 
research value. 
Applicable lesearch 
can be largely accoill- 
Dlishd in S2. 
Limited by initiai 
installation size. 
Deleted for 
further ref inelllent 
in Phase II. 
Existing arc heaters are 
capable of perfoiming 
this task. 
Many arc heated facilities can 
provide local flow amuldion 
---- 
Growth limited by initial sizing. 
Capability improvable by equipment 
modifications or additions. 
Retained for 
further reii nemen t 
in Phase II 
Very high research 
value per dollar, 
ver) necess:ry 
research . 
Retained for 
furthcr refinement 
in Fhase II 
Same as N12 Same as M2 Small risk in  reliable thermal- 
mechanical systems integrrrion 
at extreme levels. 
Retained for 
further refinement 
in Phase II 
Same as M2 Large, provides capability to 
research fabrication technology 
so that material data obtained 
in the laboratory can be trans- 
lated into practical structures. 
Suitable for verification 
tests in S2. 
Small risk in overall facility 
elements integration. Some risk 
in large autoclave dekelopment. 
~ 
Retained as part 
of s2. 
~~ ~- 
Existing capdbility 
significant enough 
so as not to warrant a 
sevarate new facility. 
Structural test capability attain- 
able by load system acquisition. 
Otherwise growth limited by initial 
i nT!a I lat ion. 
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. - X h  FACILITY - EWP' UATION SUt&!!!RY 
Functional test and develop- 
ment of fuel system corn- 
Fonmts. 
AWO it (3x6 m) 
emironmlal chamber. 
1qm ft3 (283 d) fuel 
-@?e. 
25W Btu 'Sa J *sa) 
heating sysrem. 
 .- - 
DESCRIPTION c 
3.3 
FACILITY 
IDE#TIFEA?!ON 
RESEARCH 
VALUE -7 OPERATION ADAPTPPiLlTY GROWTH 
CAPABILITY 
F2 6.6 52.5 Adaptable to component thermal 
structual test. lecessary item 
in development of scramjet 
engine. 
Basic installation limit. 
however, high power lev 
valved offer wide area c 
lesser power densities 
addition of power distrib 
equipment. 
1074 
545 
t 
F3 171.5 Limited by i i t i a l  syste 
installatiJn. 
F4 2189 198.5 Accomplished as part OC 
research programs conducted 
in S2. 
Limited by equipment, . 
ance, and quantity. 
Fuel system fimctional 
evaluation. 
30~100 ft @x31r m) 
tmironmental chalab:-(. 
'250 Btu,'secfl3xlObJ/'sec) 
M a g  Syda 
Sn.Oo0 (l4:O d) 
bel sturage. 
30 dynimic loads. 
2500 dab channels. 
16.0 
- 
13.7 F5 Fuel handling technology 
dr.~elOpmert 
10x20 ft (3x6 i j  
envir0llmen;al ehambs. 
100,a)o ft3 (2830 d) 
nlel SbragfA 
5W channels data. 
5550 63.4 Limited by initial system in- 
sta:ied. 
Growth possible only t ! m  
major systea additions. 
ss1 2163 
- - -  
81.4 
-~ 
Adaptable to perform S9 testing by 
data system growth also adaptable 
to S1, S2A testiag by load systems 
addition. 
Limited growth unless e 
cant money is expended 
achieve S1, S2 type cap 
Fire detection and suppres- 
sion qst?ms development 
and c.aluation. 
200,000 113 (5700 d) 
fuel storage. 
150n35Qlr100 f t  (46x1 ' : 'llj 
environmental chamlm. 
20000F/41.0QO sq ii (11ooOC, 
3800 d )  heating V&,I. 
7563 cbnllels data. 
--- I
22,048 
i 
MCDONIPIELL AIRCRAFT 
?-3.3 
PRlWlARY 
REASONS 
FOR 
OISPOSITIOW 
ASSESSMENTS 
DISPOSITION I 
GROWTH 
CAPABILITY 
DEVELOPMENT 
RISK 
Safe operdion with irtegrated heat- 
fuel system. High p o w  density 
OW large areas p a s  a 
development risk. 
OTHER 
-5 installation limits growth, 
'rower, high power levels in- 
volved otfer wide am coverage at 
lesser power densities though the 
addition of power dktrihutim 
quipment. 
The radiation heating caob 
bility d S2 will be utilized 
to accomplish this work 
Retained far 
further refinement 
in Phase II 
aspartofsi?. 
muired for 
cryogenic fuel 
engines. Ibge 
research durn. 
To develop ampomts far fuel 
system under realistic environ- 
mental cadtiam. 
Retained 
for further 
refinewent 
as part of 
S2 facility. 
'imited .j initial system 
installation. 1 
I Hot very great, considering size. Large research 
retun. Required 
far system research 
and developmelrt 
Fuel system research 
aaddevele(llaeat 
accomplished in 9. 
Retained as 
PartdQ 
capability. 
,imited by equipmnt, perform- 
;e, and quantity. 
Utilizirig existiilg facilities, 
risk is primarily associated 
with damage renrltie fm 
f i J m s  in system under test. 
High research value, 
necessary far 
research in fuel 
dpainics with 
horizontal tanks 
For Cvelopraent d operatioslal 
techniques Os handling fuelie 
of hypersonic airplanes, k g e  
hydrogen rmltet test fzziiities 
could 'le &*a!. 
Retained 
forfiathsr 
refmm 
mpattd 
S2 facility. 
Primarily for devel- 
opment of operational 
equipment. Could be 
essential for quick 
turnaround military 
missions. 
"-A- possible only through -I-- system additions. Considerable risk due to eq&- ment needed and hazards inmold. 
Valid data can probably be 
obtairxd on smaller scale 
tests using existing facilities 
with large hjjrogen supplies. 
Rejected for 
further re- 
finernent in 
Phase II. 
Can use S2 
Can be accomplished 
in existin8 facilities, 
on subscale mdals 
at less cost 3nd risk. 
Costs too high 
compared to need. 
-irnited growth unless signifi- 
- a t  money is expended to 
achieve S1, S2 type capabilities. 
Very high due to pdsntial cata- 
strophic failure hazard with I - - -  
fuel quantities aid necp 
failure initiation test: 
pobably ner say fk 
deployment of operztim 
craft in launch vehicle a 
commercial applications. 
I 
1 w p b i  lity 
for partial 
accomplishment 
of necessary 
research. 
FACILITY 
IDENTIFICATION FACILITY 
5 MILLION 
21.7 ss2 
OPERATION 
1067 
R1 
A1 
82 
DESCRIPTION 
Landing geavtire detrelop- 
ment, evalwtion. 
75 ft - 750 kip (23 m - 
3,340,oOO W)drop tower. 
30,000 ft, 350 knots, 750 kip 
track. 
200 data channels. 
Aluclear blast effects 
deteminatioh 
1500 Btu.'sq ft see (17x106 
y ,  X, neutron radiation 
sources. 
J / a ? c )  thetma' I saurce. 
Anechoic chamber lO(BrlO0 
x300 ft(3W(b190m) 
100 kip ft model positioner 
(136 x l a i n ) .  
~ 
outdoar range. 
I x l m i l e  (1.6x1.6km) 
microwave range. 
lOOkipA-150ft high 
model posititmet. 
(1S6x106 w-ta-46 In) 
I 
3.9 401 
295 
~ 
RESEARCH 
VALUE 
12.0 
0.C 
O w a l l  evalu- 
atim could be 
diffwent for 
mili?ay 
Sys- 
alone- 
24.7 
0.0 
ADAPTABILITY 
Very limited. 
Very limited. Specific appli- 
cation to military systems - 
aircraft and missile. 
Limited, specialized 
application. 
Very little. 
GROWT 
CAPABILI 
Limited by initial inst 
Limited by initial . 
SoRae growth potential 
intensity development, 
I 
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RESEARCH FACILITY - EVALUATION SUMMARY 
ASSESSMENTS 
GROWTH 
CAPABILITY 
imited by initial installation. 
imited by initial instalbtion. 
---? growth potential in source 
intensity development. 
,insited by hpency absmption 
iharactmistics aud d e l  scale - 
.mating frecpleney requirements. 
DEVELOPMENT 
RISN 
Limited risk on track development 
for high loads. 
Environments generated are 
lethal, and dety is a prime 
factor. sorne requirements are 
beyond current technology. 
Low 
Low 
OTHER 
Track facility where dynam- 
ics d landing loads under 
sirmlated N W N ~ ~ ,  speed  and 
attitude can be evaluated. 
Nature of data, and classifi- 
&ion of requirements, tech- 
niques, and data preclude its 
consideration, alth& vital for 
H Y F N  potentid operational 
aircraft Ml,MZ,YB,and M. 
Existing facilities can acwm- 
mctdate complete fighter aircraft. 
Primarily associated with de 
velopmen2 of production aircraft 
DISPOSITION 
Recomnended as 
a !: A t y  which 
is required for 
aircraft develop- 
ment in general. 
Recommended as 
necessary to de- 
velopment of 
military systems. 
~~ 
Deleted 
for further 
refinement 
in Phase II. 
Deleted 
far further 
refinement 
in Phase II. 
PRIMARY 
RUSODJS 
FOR 
D ISP !IS IT I ON 
Continued refinement 
in Phase II could not 
be justified based on 
application to hyper- 
sonic aircraft alone. 
~~~ ~ 
Very specialized 
and~rondseope 
of this study, 
however essential 
to military systems. 
lnsuff icient increment 
over existing facilities. 
Can be accomplished 
in existing facilities. 
Existing microwave 
range facilities ade- 
quate. 
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(6) Iden t i f i ca t ion  of Ccmmon muipment - The plant  equipment necessary t o  
support the  operation of t h e  t e s t i n g  device can exceed i t s  cost  by many times. 
Exmication of t he  vbsious ground f a c i l i t i e s  indicated t h a t  many of them required 
c O m m ~ n  support equipment. Current experience i n  operating ground f a c i l i t i e s  showed 
t h a t  many types are not continuously i n  operation. 
proper scheduling, anumber of these faci l i ty  concepts could be combined t o  share 
common support equipment, without se r ious ly  impairiEg t h e  usefulness of t h e  ind i -  
vidual f a c i l i t i e s -  concerned. 
It appeared t h a t ,  tnrougii 
The in tegra t ion  of several s t r u c t u r a l  f a c i l i t i e s  i n t o  S2 i s  an example of t h i s .  
F a c i l i t i e s  S3, S5, ~ 6 ,  Fb, and F5 are a l l  facil i t ies which provide a s ign i f i can t  
research value and minimal costs .  These f a c i l i t i e s  general ly  do not requi re  ex- 
tremely large equipment capab i l i t y  individual ly ,  but co l l ec t ive ly  represent a sig- 
n i f i can t  requirement. F a c i l i t y  S2 has a s igni f icark  equipment capab i l i t y  because 
it i s  associated w i t h  s t r u c t u r a l  research on fill sized s t r u c t u r a l  sections.  Such 
large s c a l e  programs general ly  requi re  a number of years t o  accomplish and do not 
requi re  continuoEs operation of t h e  f a c i l i t y .  Tt appeared t h a t  a log ica l  approach 
would be t o  use the  increased port ion of  t h e  t o t a l  S2 f a c i l i t y  equipment t o  support 
t h e  smaller f a c i l i t i e s  to reduce t o  t o t a l  investment i n  support equipment. 
generally shorter and less complicated research programs accomplished w i t h  t h e  S 3 ,  
S5, ~ 6 ,  F4, and F5 f a c i l i t i e s  could be integrated i n t o  t h e  comprehensive, longer 
duration, but sporadic programs associated w i t h  S2. 
for  more ccxnplete u t i l i z a t i o n  of t h e  support equipment without adversely a f f ec t ing  
t h e  ove ra l l  effect iveness  of  t h e  individual  f a c i l i t y  elements. 
The 
The resulting f a c i l i t y  provides 
7.1 FACILITY CAPABILITY 
!?he first s t e p  i n  t h e  screening process w a s  t o  determine the contribution of 
t h a t  f a c i l i t y  t o  satisf 'y t h e  major technica l  problems out l ined i n  t h e  Research 
Objectives. The evaluation was conducted according t o  the procedures set for th  i n  
Section 3 which provided -,fiat c e r t G n  key parameters be used t o  asLess Tac i l i t y  
capabi l i ty  i n  r e l a t i o n  t o  nine types of operat ional  vehicles.  The parameters used 
t o  evaluate t h e  gram3 research faci l i t ies  were as follows: 
Gasdynami c - Reynolds number, Mach number, run t i m e ,  md model s i ze .  
Er,gine Test - Reynolds number, Mach a-aber , run t i m e ,  incorporation of 
engine i n  airframe s t ruc tu re ,  air q u a l i t y  (temperature 
and chemical composition), and s ize  of  tes t  engines. 
S t ruc tu ra l  T e s t  - Size of test specimens, degree of environmental simula- 
t i o n ,  and a b i l i t y  t o  s a t i s f a c t o r i l y  demonstrate s t ruc-  
tural design by experimerital data. 
Materials Test - Levels and types of laboratory environmental simulation, 
reserach equipment, and size of prctotype test a r t i c l e s ,  
t h a t  may be produced i n  laboratory manufacturing 
f a c i l i t i e s  
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Fl ight  Siraulators - Simulaticn of 6 degrees cf f .  .- 3om, motlon-controi- 
response sirnulation, system f l e x i b i l i t y  , and aui ia-  
lrisual display capabi l i ty .  
F l u i d  Systems Test - Fuel (cryogenic and hydrocarbon) s torage,  operating 
pressure,  fuel flow-rates, test  a r t i c l e  s i z e ,  mad 
environmental simulation capabi l i ty .  
Subsystems, Avionics, and Radiation Test  - T e s t  a r t i c l e  s i z e  and environmental 
s ixmlat ion c ap ab i li t y  
The capabi l i ty  of each f a c i l i t y  was compared first w i t h  ex i s t ing  f a c i l i t i e s ,  
i n  order t o  determine increEental  improvenent; a d  second with other  ground f a c i l i -  
t ies i n  the  study t o  determine C~~LIILOT: c apab i l i t i e s .  
Each ground f a c i l i t y  is generally designed t o  operate i n  a spezif;? region 
o r  accomplish s p e c i f i c  t a sks ,  although there is some overlap i n  capabi l i ty .  
when t h e  same Research Objective appl ies  t o  d i f f e r e n t  f a c i l i t i e s  , each f a c i l i t y  
accomp2shes a differert part of t h e  obJective. Thus, each f a c i l i t y  should be 
evaha fed  on i t s  own unique contributions t o  t h e  ove ra l l  research e f fo r t .  Hcst cf 
the ground f a c i l i t y  evaluations were made on t h i s  basis. 
Even 
There are E. fe-- examples, however, where two facil i t ies accomplish e s s e n t i a l l y  
the  same t a sks ,  but are based on d i f f e ren t  concepts and e n t a i l  d i f f e ren t  costs .  
h e  such example is  GD15 and ~ ~ 1 6 .  
Mach 4.5 t o  8.5 regime, have the  same s i z e  tes t  sec t ion ,  and can perform essen- 
t i a l l y  the  same research, although not with t h e  same degree af accomplishment, as 
indicated by t h e  f Alowing data:  
Both provide Reynolds number simulation i n  t he  
Basis f o r  comparison: 
conditions w i t h  26 data points  per t es t  point (0 t o  25O angle-of-attack), f o r  a 
t o t a l  of  6240 data points.  
An aerodynamic research program cons is t ing  of 240 test 
F a c i l i t y  Q15 ~ ~ 1 6  
Angle-of-attack 
capabi l i ty  during Variable 
run 
~ ~~ 
Pre-set Variable 
occupancy costs 
(1970 d o l l a r s  ) $L64,030 $21,200,000 $816,000 
r 
$74 . 30 $3400.00 $132.20 ' ,5 *+. B 
5.. --- - *-- 
h: '- * .  -. ' , ( fD15 offers  %he best  product ivi ty  as measured by 46% 
?, and 75% shor te r  tc;..t programs. This cmbined . I  19% L 
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savings accumiilated over the twenty year o r  longer useful  l i f e  which i s  typ ica l  of 
wind tunnels should many times exceed t h e  1 2  mi l l ion  d o l l a r  difference i n  i n i t i a l  
acquis i t ion costs .  
Other considerations,  p a r t i c u l a r l y  t h e  magnitude of the  s t a r t i n g  loads i n  a 
Ludwieg tube f a c i l i t y  ( ~ ~ 1 6 )  m a k e  the  technica l  r i s k  of t h e  Ludwieg tube f a c i l i t y  
considerably greater. From both a cost  and technicnl  r i s k  viewpoint , therefore ,  
GD15 cppears t o  be t h e  better choice. 
Certain non-quantitative judgmental f ac to r s  were applied t o  a l l  f a c i l i t i e s  i n  
each category. These included v e r s a t i l i t y ,  growth po ten t i a l ,  and development r i s k ,  
among others.  These c h e r a c t e r i s t i c s  obviously affected t h e  r e s u l t s  of the  study i n  
some cases. 
i n  t h e  summary chart  (Figure 7-2). 
These are discusse?. below, where s ign i f i can t ,  and a re  a l s o  contained 
7.1.1 COMPARISON WITH MISTING GROUND FACILITY CAPABILITY - If t h e  postulated faci l -  
i t y  w a s  merely a restatement of an ex i s t ing  capabi l i ty ,  and if t h e  ex is t ing  capabil- 
i t y  appeared t o  be suf f ic ien t  t o  accomplish t h e  spec i f ied  research w i t h  m i n i m a l  or 
no modification, the concept w a s  deleted from further analysis. 
f a c i l i t i e s  examined, 1 4  were eliminated by t h i s  comparison. 
O f  t he  o r ig ina l  54 
These included: 
GD12,GD13- These two f a c i l i t i e s  represented modifications t c  ex i s t ing  f a c i l i -  
t i es ,  namely the  Holloman Sled Track, and the NOL Aerobal l i s t ic  Ranpe. 
i t y  represented by these proposed modifications was Judged suff-tc:ier,t i n  terms of 
the i r  app l i cab i l i t y  t o  manned aircraf ' t  f l igh t .  Since t h e  design and planni-ig f o r  
these f a c i l i t i e s  is  underway, no addi t iona l  e f f o r t  was deemed necessary i n  t h i s  
study. 
The capabil- 
GD14 Rocket Launched Free F l igh t  Models - His tor ica l ly ,  rccket  powered models 
were used whenever ground f a c i l i t y  capab i l i t y  was lacking. For example, most of 
the t ransonic  research ir, the ea r ly  1950's w a s  accomplished using rocket powered 
models. I n  the  context of present ground research f a c i l i t i e s ,  operations such 8s 
NASA's Wallops Island f a c i l i t y  provide adequate special ized research capab i l i t y  when 
necessary. A s  a generalized research f a c i l i t y ,  su f f i c i en t  r e tu rn  is not abtained 
f o r  t h e  money invested. 
El Large Hocket Eng i ne  F a c i l i t y  - The present capab i l i t y  represented by AEDC, 
Marshall, Edwards A i r  Force Base, and o ther  s i m i l a r  i n s t a l l a t i o n s  provides adequate 
research capab i l i t y  for any rocket eqgine associated with the  nine- po ten t i a l  oper- 
a t  ional  hypersonic aircraft. 
E2 Wind Tunnci, Accommodating Engine Testing Capabili ty - As defined i n  t h i s  
stuCy, t h e  gasdynamic f a c i l i t i e s  were Reynolds number simulators only. 
attainment of f l i g h t  duplicate' temperatures w a s  not included i n  t h e  wind tunnel def- 
i n i t i o n s ,  t h e i r  capab i l i t y  x engine t e s t i n g  is less than t h a t  represented by ex is t -  
ing propulsion wind tunnels. 
Since t h e  
S7 Cabin Pzessurization S a c i l i t y  - Btis t ing  capab i l i t y  w a s  Judged as adequate. 
S8 Transparency T e s t  F a c i l i t y  - The u t i l i z a t i o n  of  ex i s t ing  engine f a c i l i t i e s  
as hot gas sources was considered adequate t o  qualif'y canopy s t ruc tures .  
capabi l i ty  i s  required a t  G fu tu re  date, the candidate engine f a c i l i t i e s  could su?ply 
If new 
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t h e  correc t  air  flow conditions.  This need not be d separate  f a c i l i t y .  
XI Local Flow Simulation Fac i l i t y  - Cansidering the  defined tes t  a r t i c l e  
s izes ,  ex i s t ing  f a c i l i t i e s  were judged as adequate f o r  small sca le  materials 
*.esearch. 
could provide necessary l o c a l  flow simulation. 
If l a rge r  t o s t  a r t i c l e  sizes are des i red ,  f a c i l i t i e s  such as E6 and E9 
FS1, FS2, FS3 Fl ight  Simulator F a c i l i t i e s  - Although l a r g e r  i n  terms of 
motion capabi l i ty ,  tc-s group of f a c i l i t i e s  w a s  judged t o  be improvements t o  t h e  
current exce l len t  research capabi l i ty  represented by e x i s t i n g  f a c i l i t i e s  , such as  
t h e  Ames moving base simulators. A combination of t h e  c a p a b i l i t i e s  of t h e  t h ree  
f l i g h t  simulator f a c i l i t i e s  i n t o  a s ing le  integrated f a c i l i t y ,  designated as FS20, 
is  a recommended f a c i l i t y  i n  the sense t h a t  t h i s  test capab i l i t y  w i l l  be an in t eg ra l  
pa r t  of any new a i r c r a r t  research program. 
should provide adequate growth Fotent ia l .  
Improvements i n  ex i s t ing  f a c i l i t i e s  
Al, A2 Antenna Research F a c i l i t i e s  - Bot?, of these  f a c i l i t i e s  were res ta te -  
ments of exis t ing '  capabi l i ty .  
R 1  Nuclew Radiatron Simulation F a c i l i t y  - The c l a s s i f i c a t i o n  associated wi th  
For non-military ml l i t a ry  requirements precluded a meaningful f a c i l i t y  def in i t ion .  
missions, both ground rad ia t ion  and nuclear engine rad ia t ion  simulation was 
judged adequate using ex i s t ing  f a c i l i t i e s .  
7.1.2 
pared w i t h  t h e  others  i n  t he  study. If t h e  c a p a b i l i t i e s  appeared t o  be duplicated,  
+,he f a c i l i t y  which accomplished the required t a s k  most e f f i c i e n t l y  w a s  retained acd 
otners  deleted. Of t h e  40 remaining at t h i s  poin-;: i n  t h e  study, 10  f a c i l i t i e s  were 
deleted i n  t h i s  step.  They were: 
COMPARISON WITH OTHER STUDY FACILITY CAPAE3ILITY - Each f a c i l i t y  w a s  a l s o  com- -
G D 1  Subsonic Wind Tunnel - Essent ia l ly  duplicated bx the low Mach number 
czpabi l i ty  of  GD2. 
GD5,  S D 6  Hypersonic Impulse Tunnels - Nei thw of these  two concepts offered 
the run t i m e  advantages of GD7, nor the  pcbtential of reduced operat ional  complexity 
and i n s t m e n t a t i o n  sophis t icat ion.  
t i m e  capabi l i ty  as GD6 f o r  s i m i l a r  test  conditions. 
For c x a ? l e ,  GD7 had about 1000 t i m e s  the  run 
GD8 Alumina Storage Heater Hypersonic Wind Tunnel - This f a c i l i t y  was deleted 
because of i n su f f i c i en t  Reynolds number capabi l i ty .  More su i t ab le  as an engine tes t  
f ac i l i t y  . 
GDg, G D l O ,  G D l l  True  Tem;?erature Wind Tunnels - These de f in i t i ons  were 
inconsis tent  with the ground rules developed f o r  the gasdynamic f a c i l i t i e s  and 
were redefined ES Eg, E8, and EiO respect ively.  
E 3  Turbomachinery Engine F a c i l i t y  - In  order t o  provide c l ea re r  de f in i t i on  
of equipment s i z e  and cos ts ,  t h i s  f a c i l i t y  --as separated i n t o  a d i r e c t  connect ( E 6 )  
and free je t  (ET) legs .  
E4,  E5 
general  and was judged not  s u l f i c i e n t l y  demmding t o  warrant separate  f a c i l i t i e s .  
Capabili ty incorporated i n t o  E7. 
This capabi l i ty  is  c h a r a c t e r i s t i c  of  engine research fac i l i t i es  i n  
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701.3 CONTRIBUTION TO GENERAL AERONAUTICAL RESEARCH AND TO HYFAC AIRCRAFT RESEARCH - 
Evaluations of individual f a c i l i t i e s  wi th  respect t o  each Research Objective are 
presented i n  Appendix A. 
given i n  FigurL 7-3. 
p l i s h  them are i l l u s t r a t e d  i n  Figure 7-3 for each surviving f a c i l i t y .  
of t h e  bar cha r t s  i l l u s t r a t e s  t h e  wide va r i a t ions  a s  t o  number of Research Objectives 
applicable,  and t h e  degree of accomplishment. 
and GD7 w i l l  point out some of t h e  va r i a t i cn  possible.  The v e r s a t i l i t y  of f a c i l i t i e s  
l i k e  GD3, which has some 41 appl icable  Research Objectives compared t o  t h e  more 
special ized f a c i l i t i e s  l i k e  S 4  or ~6 with only a f e w  appl icable  Research Objectives 
is an important f ac to r  contributing t o  t h e  f a c i l i t y  research value. 
A graphical summary of t h e  r e s u l t s  of t h i s  evaluation i s  
The appl icable  Research Objectives and t h e  a b i l i t y  t o  accom- 
Inspection 
Comparison of GD3, E7, S1, F1, F4, 
Using the  analysis  techniques presented i n  Section 3 ,  the c m t r i b u t i o n s  of each 
f a c i l i t y  t o  each of the po ten t i a l  operat ional  hypersonic a i r c r a f t  (Volume V I )  were 
determined and are tabulated i n  Figure 7-4. These individual  r a t ings  can be aver- 
aged over the nine reference vehicles ,  and these  results are presented i n  Figure 7-5. 
A s  a r e s u l t  of the analysis  with respec t  t o  the research value,  both as applied 
i n  general aeronautics,  and s p e c i f i c a l l y  t o  HYFAC,the following 5 f a c i l i t i e s  were 
eliminated from t h e  remaining 30 concepts. 
- GD2 Provides a s ign i f i can t  resemch value for generalized research,  but 
lesser research value spec i f i ca l ly  related t o  the  p o t e n t i a l  operat ional  hypersonic 
a i r c r a f t .  
sonic and near sonic flow research, but not re ta ined f o r  further development w i t h i n  
t h i s  study. 
Rec?ommended as a des i rab le  f a c i l i t y  becailse of i t s  appl icat ion t o  sub- 
- GD4 The t ransonic  Ludwieg tiibe tunnel.  For research appl icable  t o  l a rge  
subsonic a i r c r a f t ,  and t ransonic ,  l o w  supersonic cruise a i r c r a f t ,  a f a c i l i t y  of 
t h i s  type may be mand,o.tory i f  economical and e f f i c i e n t  sustained f l i g h t  operations 
i n  t h i s  area are t o  be re J i zed .  However, for  aircraft whose t i m e  passing through 
t h i s  speed regime is  minimal, such f i d e l i t y  of flow f i e l d  and Reynolds number s i m -  
ulation i s  probably not warranted. Same recommended .tatus as GD2. 
- ~ ~ 1 6  Because of i t s  Ludwieg tube concept, t h e  uncertainty i n  t h e  ac tua l  mag- 
This  faci1, 'y 
The same 
nitude of  t h e  tunnel s t a r t i n g  loads could reduce i t s  effect iveness .  
was therefore  rated considerably lower i n  research value than G D l 5 .  
research capabi l i ty  represented by G D l 5  provided better research re turn .  
S9 
consideration 
The very l o w  research value of t h i s  f O - z i l i t y  did not warrant f u t b s r  
- SS2 This f a c i l i t y  had a veiy low research value i n  terms of t h e  HYFAC poten- 
tid- operat ional  a i r c r a f t .  Hgwever, i n  terms of new landing systea research for 
very l a rge  t r anspor t s ,  unprepared f ie ld  conditions,  and mult iple  surface landing 
capabili ty,  SS2 could provide s ign i f i can t  research capabi l i ty .  Such concepts as 
air  cushion landing gears could be extensively re f ined  i n  such a f a c i l i t y .  This 
f a c i l i t y  is  recommended as a desirable faci l i ty ,  although not re ta ined  f o r  f u r t h e r  
refinement i n  t h i s  study. 
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FIGURE 7-3 GROUND FACILITY CAFABlLlTY T O  ACCOblPLISH RESEARCH OBJECTIVES, SUMMAP t ‘  
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (C OWTINUED) 
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FIGURE 7-3 GROUND F A C I L I T Y  CAPABI'ATY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
F a c i l i t y  GD7 i-Iy-persmic Gas Fiston Tunnel 
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FIGURE 7-3 GROUND FACILITY CAPABILITY T O  ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
GD1j Hypersonic Blow Davn Tunnel Facility 
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
Facility E6 Turbo-Machineq T e s t  C e l l  Direct Connect 
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FIGURE 7-3 GROUND FACILITY CAPASILITY TO ACCOtClPLlSH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
Facility E8 Multi-Recompression Heater Ramjet Engine T e s t  Cell 
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FIGURE 7-3 GROUND FACILITY CAPABILIVY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTIHUED) 
Facility E10 Arc Heated Ramjet Engine Test Cell 
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTIWED) 
Facility FS1 Crew Trainer 
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CQNTINUED) 
Faci l i ty  S1 Airfrane Sta t ic  Test 
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
Facility S5 Compooent Therm&-Acoustic Test 
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FIGURE 7-3 GROUND FACILITY CAPABILITY TO ACCOMPLISH 
RESEARCH OBJECTIVES, SUMMARY (CONTINUED) 
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(U) FIGURE 7-3 GROUNQ FACILITY CAPABILITY TO ACCOMPLISH RESEARCH OBJECTIVES, 
SUMMARY (CONCLUDED) 
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FIGURE 7-4 RESEARCH VALUES FOR GROUND FACILITIES 
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FIGURE 7-5 FACILITY RESEARCH VALUE SUhlMARY 
(Values Averaged Over All Nine Operational Systems) 
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7.1.4 
assessed in relation tu resezrch value, according to the mcthodcdogv described in 
Section 6.11. As a result of this cost arcilysls, 6 more faci1.ities were dropped 
from Phase I1 consffieration, leaving 19 remaining facilities. These facilities 
were as follows: 
COST AIMLYS1S - As part of the evaluation, costs of each facility were 
- CD17, is a continucjus version cf CD3. At 8 times the cost of GD3 with essen- 
tially the same research value, its continued refinement could not be justified. 
As is generally true for high Reynolds number facilities, continuous facilities 
generally cost rnw times more than intermittest facilities, while not adding; sig- 
xiificantly to tne overall research capability. 
- E1G Arc Heated Scramjet Engine Facility - The rqair and maintenance costs, 
gas ccntanination by electrode zaterial, cind %ass flow limitation for the a x  
heaters were not offset by increplsed resewch value so that the E10 ccjncept was not 
competitive with E8 or m. 
- -  S1 Static Lcruct-uml Research Facility - The cost of proviahg a new static 
struct-arcs facility did not seem consistent with either what was currently avail- 
able (such as for the 747 or CSA) nor what was required in terms of the rspidly 
varying conditions emerienced by a hypersonic aircraft. If such capability is 
required it cculd be made a part of the S2 capebility, considering the floor srace 
and equipment already allocated to this facilitb. 
- S2A Dyn amic Structural Evaluation Facility - *mis facility is the S2 facility 
sized to accommodate a comgdete hyrersonic airframe vhilr S2B Is sized to accomo- 
date a major strwicd section test article. The large increase in acquisition 
cost of E.24 cver S2B, vitho-at a corresronaing fqrmeuent in Research Value, has 
led to its eliGimtiori ,s the candidate baseline structural facility for Phase I1 
ill favcr 9 S23. 
sized structural facility will be done in Phase I1 however, with this capability 
representiag a facility alterilete. 
fscility being sized to acccmodate a str:ict-wal conponent test article. 
Parther refinement of costs and capability of a complete airframe 
A second alternate will also be examined, this 
- Sh Airframe Acoustic T e s t  Facility - Insufficient increment over existine; 
facilities coiisidering the cost and the questionable necessity for +,esting such 
large specimens, considering the risks. 
- SS1 Fire Suppression Facility - Although an essential consicleration fo r  opers- 
tional aircraft, the cost of doing the complete job in terms of the research return 
is too mall to justify a separate facility. 
F i p e  7-6 presents the research value versus cost for the ground facilities 
listed in Figure 7-3. 
mination of the research value is shown in the grapn for the gasdynamic facilities. 
GD3 is a trisonic blowdown facility with a naxiu.m Mach number of 5, as indicated 
by the aircraft system callout;;. 
for the M1. and $1 aircraft than the remaining system which have operating; Mach 
numbers in excess of 6 .  
operatlng range of Mach n m k r  8 to '.3, ' 
bution being to the higher Macn numb- 
'Tie influence of the facility Mach number range on the deter- 
'T movides considerably more of th? total research 
However, for GD7? il.tt,:.n impulse facility with an 
is reversed, its major contri- 
FIGURE 7-6 
GROUND FACILITY EVALUATION - ACQUISITION COSTS vs RESEARCH VALUE 
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Similar ly ,  the influence of engine type i s  c l e a r l y  shown i n  the  grapk, f o r  t h e  
engine f a c i l i t i e s .  Those pot .ent id  operat ional  hypersonic a i r c r a f t  u t i l i z i z g  turbo- 
j e t  or twboramJets rate higher for E7, a turbwacninery engine f a c i l i t y  than fo r  
Eg, a scramjet mgine  f a c i l i t y .  
engine, t h e  s i t u a t i o n  i s  reversed. 
For those a i r c r a f t  sj-stems reqJiring 8 scramjet 
I n  gea ral ,  the  gasdynaxic facilities achieve thz highest research value,  w i t h  
t he  engine and s t ruc tu res  f a z i l i t i e s  ackieving the highest  costs .  Some of t h e  best 
r a t i n g s  i n  terms o f  reseerch i l u e  per in-vested d o l l a r s  are achieved by the  f l u i d  
systems, materials reseerch, cnd special ized s t ruc tu res  facilities. In  most f a c i l -  
i t y  ca tegor j ss  t h e r e  ar t  fr-cilities which achieve very low research value, and i n  
some cases even at very h igr  c c s t s .  
A comFlete summary of the  evaluations and factors which entered in-h che 
decision of se l ec t ing  or rejecting various f a c i l i t y  concepts is contained i n  
Figure 7-2. 
which affected the f a c i l i t v  se lec t ions .  
The figure pres-Lts i n  one place a cocplete s t a t m e n t  of the f ac to r s  
7.1.5 
t o  support the operation of t h e  f a c i l i t y  can exceed the  cost  of t h e  f a c i l i t y  i tself  
by many t i m e s .  Examining t h e  various ground f a c i l i t i e s  revealed many items of  com- 
mon support equipment. Current experience i n  f a c i l i t y  operation ind ica tes  t ha t  
some types would not be aaed contin-.:ally. It appeared t h a t  through proper schedul- 
ing,  a number of f a c i l i t y  conc2gts could be combined t o  share common equipment v i t h -  
out impairing usefulness. The in tegra t ion  of several s t r u c t u r a l  f a c i l i t i e s  i n t o  
S2 is  an example. The generally sho r t e r ,  less complicated research associated w i t h  
S3, S5, S6, and the  f l u i d  systems f a c i l i t i e s  could be in tegra ted  w i t h  the  compre- 
hensive and longer duration, but sporadic,  programs associated w i t h  S2. 
ing f a c i l i t y  provides f o r  more complete u t i l i z a t i o n  of support equipment. A t  t h i s  
IDENTIFICATION OF COMMON EQUIPMENT - The cost  of s l a n t  equipment necessary 
The r e s u l t -  
point 
were: 
G D 3  
GD7 
GD15 
E6 
E7 
E8 
E9 
t h e  19 individlial f a c i l i t i e s  reconmended f o r  continued refinement i n  Phase I1 
Blow-Down Trisonic Wind Tunnel 
Hypersonic G a s  Piston Wind Tunnel 
Blo:i-Down Hypersonic Wind Tunnel 
Direct Connect Turbomachinery 
Engine F a c i l i t y  
Free Jet Turbomachine-*y EngiTe 
Fac i l i t y  
Multi-Compression Heater Scramjet 
Enaine F a c i l i t y  
Hybrid Heater Scramjet Engine 
Fac i l i t y  
Very high research r e t u r n  
S igni f icant  improvement i n  current 
cap ab i 1 i t y  
H i g h  research return 
?rovides necessary research and devel- 
opment of engines f o r  operat ional  al:d 
research vehi c l e  s 
Same as for E6 
New concept fo r  research and develop- 
ment of scramjet engines 
New concept - could provide ~ ~ ~ 3 ~ 4  
research at grea t ly  reduced cos ts  
REPORT MOC A0013 2 OCTOBER 1970 
VOLUMEII 0 PART 1 
:::?I3 Airt’rame Dynamic S t ruc tura l  Only f a c i l i t y  of i t s  k i n d  t o  do t D t n l  
E v a i u a t  ion Faci 1 i t y  s t r u c t u r a l  research 
:; 3 Thermal-Me chani c a l  Fatigue High research value 
Component F a c i l i t y  
:: 5 Wermal- Acous t i c F a c i l i t y  High research value 
::t> Tankage Thermal/% ruc tura l  High research value 
Fac ilit y 
bl2, M3, 1.4aterials Researzh Laboratoq- Very high research value per  d o l l a r  
E4 
F I  Environmental Control Systems High research value 
Evaluation F a c i l i t y  
F2 Heat Exchanger F a c i l i t y  Required for cooled engine/ inlet  
concepts, high research 
F3 Fuel System Component Fac i l i t y  H i g h  research value, required for 
horizontal  tank f l u i d  dynamics 
F4 Fuel System Dynamic Fac i l i t y  High resczrch value, required f o r  
horizontal  tank f h i d  dynamics 
F5 Fuel Handling Technology 
Fac i l i t y  
Necessary for fast  turnaround mi l i t a ry  
appl icat ions 
7.2 RECOMMENDED PHASE I1 FACILITIES 
The previous 19 f a c i l i t i e s  have been assembled i n t o  compatible groupings which 
can share common equipment without adversely a f f ec t ing  t h e  ove ra l l  research capa- 
bility. As indicated i n  Figure 7-1, t hese  are 
E6 
E7 E20 
E 8  
E9 
S2B 
s3 
s5 
s6 
L2 F1 
F2 
F3 
F4 
l-5 
Share common compressors, control  room, da ta  systems , 
air st orage 
Share common conipressor p l an t s ,  hea te rs ,  exhausters, 
control  rooms, data systems 
Share commo~: r ad ia t ion  hsa t e r s  cryogenic f u e l  
supplies and pumps 
e l e c t r i c a l  substat ion 
load c e l l s ,  cont ro l  systems 
M2 
M3 
M4 
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Share common bui lding,  analysis  laboratory,  
support equipment 
Tne f a c i l i t i e s  recomended f o r  fu r the r  study i n  Phase I1 represent  a collec- 
t i o n  of gasdynamic, engine tes t ,  s t r u c t u r a l  materials, and f l u i d  t e s t  f a c i l i t i e s  
t h a t  w i l l  enable a broad base of  research and development t o  be conducted f o r  a 
hypersonic vehicle program. 
vided a needed increase of research capabi l i ty  over e x i s t i n g  f a c i l i t i e s  and are 
considered t o  be of t h e  grea tes t  s ignif icance t o  t h e  program. 
l a rge  number of t h e  f a c i l i t i e s  were not included f o r  fu r the r  study does not inply 
t h a t  these f a c i l i t i e s  have no value, but  r a the r  t h a t  t h e i r  applicati.on or coritri- 
bution t o  hypersonic technclogy is  not of a s u f f i c i e n t  s ca l e  t o  j u s t i f y  fur ther  
study. 
f u l f i l l  a spec i f i c  test requirement, but t h i s  special ized f a c i l i t y  i s  a necessary 
element i n  t h e  development of t h e  a i r c r a f t .  
The faci l i t ies  se lec ted  were chosen because they pro- 
The f a c t  that  a 
It m u s t  a l so  be pointed out t h a t  a f a c i l i t y  m a y  only have a l i m i t e d  use t o  
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AF'PEMDIX A 
R3iWiRCH OBJECTIVF,/FACILITY CORRELATION 
A tabulation of the  Research Objective/test  f a c i l i t y  c o r r e l a t i x  applicable 
t o  the pctent ia l  operational vehicles i s  presented i n  t h i s  Appendix. 
ulation i s  categorized by objectives, indicating the  applicable operational 
a i r c r a f t ,  candidate test  f a c i l i t i e s ,  the  portion of the objective fuLfi l l2d i n  each 
f a c i l i t y ,  and tes t  f a c i l i t y  l imitat ions,  where appropriate. 
a discernible difference may be real ized i n  application of a specif iz  Research 
Ob jec t ive / fac i l i ty  correlat ion t o  the  goten t ia l  operationgl vehicles. 
cases , an appropriate grouping of operational vehicles (e .g .  , Rocket Boost vs 
Airbreathing) is ident i f ied and the  test f a c i l i t y  capabi l i ty  determined accordingly 
for  each objective. 
vehicles 1) can perform f l y  along" experiments t o  supplement their  inherent 
research capabi l i t ies  and 2)  provide d i rec t  contribution t o  research requirements 
through concept demonstration. 
t i on  3.3.1 of t h i s  report .  
This tab- 
For some otdectivcs 
For these 
When evaluating f l i g h t  f a c i l i t i e s  it was assumed t h a t  dl 
tt 
Details of the evaluation process appear i n  Sec- 
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Research 
Objective 1 
FURPOSE: To determine law speed aerodynamic characteristics of hpersonic a i rcraf t .  
RELA!MONSHIP TO OPERATIONAL VEHICLES: 
growdes information t o  determine the take off and landing characteristics for all 
Satisfaction of t h i s  research objective 
the taseline operational aircraft. 
EXISTING GROUND TEST CAPRBII3TY: 
and 12' pressure tunnels along w i t h  the 5 degree of freedom flight simulator) can 
Current f ac i l i t i e s  (typically NASA/AMES low meed 
potentially sat isfy 51% of the research objectives. 
accommodation of model size, vsloci%y range of the low speed tunnel, and test sec- 
t ion s i z e  for the 12' tunnel. 
Primary limitations are i n  
WABIUTY PROVIDED BY FEW GROUND TEST FACIUTIES: 
Identified below, and indicate a significant ( 20s) increase i n  the ab i l i ty  t o  
Potential new fac i l i t i es  are 
sat isfy the research objectives via ground testing. 
02 is  sufficient to handle the wind tunnel requirements, about 56$ of the 
overall research objective. 
an additional 446 of the to ta l  obJective because of the added degree of freedom. 
The f Ught simulator faci l i ty ,  FS2, can accommodate 
Complete Fulfillment of the remaining p3rtions of this objective requires 
f l ight  demonstratior.. 
~ P ~ I i I T Y  PROVIDED BY NEW FUGHT FACIUTIES: A l l  manned flight facilities and 
either the air launch or AT0 unmanned f l igh t  f ac i l i t i e s  add t o  the satisfaction 
of t h i s  objective. 
manned aircraft .  
graded. 
because they are representative of the all body hypersonic configuration. 
Principal payoffs, as-shown behw, are contributed by the H"0 
A i r  launch and W O  configurations are nrmortionately dawn- 
The low speeB fac i l i t i es  sat isfy I large percentage of the objectives 
220,221,280 - 283 
284,285 
205-208 
270,271 
231-235 
200,201 
291,292 
210-215, 250-259 
No Contribution 
90s 
959 
Unmanned, Rocket Boosted 
Unmanned 
V?ch 6 -$e, A i r  hunch 
Mach 12 Shave, VT€) 
Mach 12 Shape, Larger Vehicl 
A i r  Launch 
TRJ Flexibility,Wing Bow 
and All Body 
Variable S tab i l i ty  Model, 
~106 Conversion 
All Body Shape,Design Spec- 
ifically for Low Speed Tesi 
(Staged') 
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Research 
Objective 2 
puRposE: 
hyperson::: vehicles. 
To determine transonic and subsonic aerodynamic characteristics of 
RELATIOIQSHIP TO OPERATIOI?AL VEXICL,F,S: 
provides information f o r  8.erodynamic assessments of high subsonic speed and t ran-  
sonic drag characteristics for a l l  of the  baseline operational aircraft .  
Satisfaction of' t h i s  research objective 
EXISTING GROUND TEST CAF'ABIIJTY: 
and transomic tunnels, NAR tr isonic tunnel, or WSA/M.SFC pmtotyoe tunnel) can 
Current f a c i l i t i e s  (typically AEDC subsonic 
achieve an e.0- YJmated 46s of the research objectives.. 
are t e s t  section size, model scale, and prototype tmmel run time. 
Principal limiting factors 
CAPABIUTY PROVIDED B Y  NEW GROUIQS) TEST FACIUTIES: 
extended about 30% by uti l ization of the potential new f a c i l i t i e s  3D3 and G*. 
Existing capabilities may be 
Respectively, these w i l l  satisfy an estimated 49s and 8$ (non-overlatming) of the 
overall research objective. Umiting parameter in each case is run time. 
CAl?ABILITY PROVIDED BY NEW F'LIGHT FACILITIES: 
f ac i l i t i e s  can contribute t o  the  goals specified. 
A l l  of the potential new f l i g h t  
The variable s tab i l i ty  model 
is speed limited and not representative of the hypersonic shape, but other l o w  
speed aircraf't can satisf'y up t o  5 ~ 6 0 %  of the objective. 
vehicles, with the exception of t h e  rocket boosted, staged concepts, contribute 
proportionately more, as shown below. 
The larger s ized 
290 
200,i201 
205,208 
270-271 
9544 
Variable Stabi l i ty  F-106, 
Speed Limited 
Subsonic only 
Staged, Unmanned 
Unmanned- 
sma.1.1 Size (volume] , 
small Size (volume), 
Air Launched, S i - 2 d  for Mach 6 
WO, Subsonic and Transonic, 
Closely Representative of 
J'P Fueled TJ 
JP  Fueled TRJ 
Rocket 
Operational Vehicle 
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Re search 
ObJective 3 
PURPOSE: 
a i  rc raft. 
To determine supersocic and hypersonic characterist ics of hypersonic 
REL4TIONSHIP - TO OPERATIONAL VEHICLES: Exploration of the supersonic and hpersonic 
flight regimes contributes significantw t o  a l l  operationd vehicles, but i n  vary- 
ing proportion depending upon overall  speed range of interest .  
t he  operational vehicles have been grouped as follows 
For t h i s  reason, 
Group A ( to  Mach 6); C-1, Mol 
Group B ( to  MWh 12); LJ.-l).l., C2, M2, M3 
EXISTING GROUND TEST CAPABILITY: Existing facility performance, relative t o  the  
vehicle requirements, is judged t o  be 22% and 2&, respectively, for Group A and B 
operational vehicles . 
tunnel, Cornell 96" shock tube, Euld ROL Hypervelocity tunnels; used in conJunctjon 
with the NA,sA/AMES fl ight simulator. 
section size and model size, along with run time for  the hypersonic tunnels. 
Current capabili t ies are typif ied by the AEDC 16' Supersonic 
Primary limitations are found t o  be t e s t  
- CAPABILITY PROVIDED BY NEW GROUMD TEST FACILITIEB: 
also limited by run Lime and test section size,  increase current capability by 
about 15% for each Group of operational vehicles. 
t o  relative speed ranges involved. 
The new f a c i l i t i e s ,  although 
Differences are due orimariiy 
FACITJTX $ m L L  OBJECTIVE RENARK9 
SA!KSPTED 
Group A Group B 
Limited Test Section, Reynolds 
Low Run Time 
Limited Test Section, l\!PdeL Size 
Relatively Small Portion cf 
Number, Run Time 
GD3 24$ 1446 
sn7 12%) 3s 
GDLS N/A 10s 
FS 3 4s 4 
Run Time 
Overall Task 
CAPABILITY PROVIDED BY NEW FUGI3T FACILITIES: All flight facilities with the ex- 
ception of the sukr;.rnic configwation, -291, contrtbute t o  the satisfactior! of this 
objective. Numer'L.:al variations between Group A and Group B reflect the comnarlson 
of omrational speed range with f a c i l i t y  capability. Generally the Mach 12 vehicle 
provides t h e  f l ex ib t l i t y  t o  satlafy 511 the Mach 6 ta8k8 except as noted. 
FLIGHT FACIUT?! $ CONTRIBUTED TO OVERALTI REMARKS 
OBSECTIVE 
GP A GP B 
40% - 30 Variable Stabi l i ty  Subsonic Aircraft 290 
Limited t o  Mach 2, Relatively Small 
Unmamed,Air hunch Mach 6 
Unmanned, Rocket Boost (Staged) 
Umited t o  Mach 4.5, lielatively 
N e ~ l y  representative of Mach 6 
Newly represeztattve of Mach 12 
292 50s 40$ 
204 7044 4054 
220 , 221 To$ 405 
70s 200,20L 8% 
205-215 94s 98s 
231-285 loo$ 959 
Small 
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Research 
ab2ective 4 
-- PURPOSE: 
Reynolds number, Mach number, and bow.k*.y layer phenomena using subscaie model 
t G  s ti ng 
To develop correlative tes t ing techniques fo r  adequate simulation of 
RELATIONSHIP TO OPERATIONAL VEHJCLd: Satisfaction of t h i s  objective w i l l  allow 
effective scaling of aerodynamic parameters for  a l l  operational vehicles. 
impact varies according t o  the relat ive magnitude of the vehicle speed range as 
compared t o  f a c i l i t y  capa3ility. 
-
The 
!the operational vehicles were grouped according 
. t o  speed category: 
Group A ( t o  Mach 6); C1, MI. 
Group B ( t o  Mach 12); L ~ O L ! + ~  C2, M2, M3 
EXISTING G R O  TEST CAPABILITY: Existing f a c i l i t y  capabili ty i s  typified by the  
7AEDC 16' supersonic t:innel and the NASA/MSFC Ludweig Tube Prototype. 
!performance of t h i s  objective can reach t o  within 70s of sat isfact ion 
; o f  the Group A vehicles and 
' s i z e  I and Model Re scaling alcng with run time limitations for t h e  hpersonic  nortion. 
Current 
for  Group B. Principal l imitations are test  section 
;Numerical differences are due t o  the relat ive f a c i l i t y  capabili ty t o  encompass the 
i f l i gh t  speed range. 
i 
!CAPABILITY PROVIDED BY NEW GROUND TEST FACIWCTIES: The new f a c i l i t i e s  are also 
'Isornewhat limited by test  section size and run time but represent en increase 'n 
tes t  capabili ty of nearly 20s. 
30% (same overlap), respectively, t o  t h e  overall  objective. 
values reduce t o  42% and 9%, respectively, and a r e  vi r tua l ly  additive t o  cover the 
ent i re  speed range. 
C'LPABILITY PROVIDED BY NEGi FLIGHT FACILITIES: 
facil i t ies contribute t o  sat isfact ion of this objective &J providing f i . i J  -scale 
data. 
b i l t t y  ar- applied t o  the objectives fo r  each group. 
For Group A, GD3 and 4 contribute about 60% and 
For Grou2 B, these I 
A l l  of the !igei?sonic ( > M w ~  5.5) f L g h  
The unmanned vehicles were dmngraded on the basis  of overall  f l ex ib i l i t y .  I_ Numerical differences re f lec t  the relat ive comparison D f  speed rsnge/facii i ty cana- 
1 
I 
FLIGHT FACILITY $ CONTRIBTQED TO 
OVERALL OBJECTIVE - GP A GP B 
200,201 80% 609 Limited t o  Mach 4.5 (Potential  t o  
Satisfy 100% of M-1 Operatiunal 
Vehi c l e  Ob3 ec+Uives )
204 9 220,221 904 75% Unmaimed, !kch 6 
280-285 954 loo$ Unmanned, Mach 12 
205-2i5 loo$ 804 Speed Lj-mited t o  Mach 6 
231-el 100s loo$ Full Mach Number Range, NRE about 
30% of +.hat for Mach 12 Opera- 
t iona l  Vehicles. 
i 
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Research 
Objective 5 
RiRposE: To define requirenwsts necessary t o  provide good handling qualit ies for 
hypersonic aircraft. 
REIATIONSHIP To O ~ ~ O H A L  VEIfICIES: 
requirements necessary t o  improve flight control systems for  hypersonic f l ight  i s  
applicable t o  all operational vehicles considered. 
ent  in each facility is dependeqt upon the spte3 class involved. 
correlation the opzrational vehicles were grouped as follows: 
Definition of handling qualities and systems 
The degree of capability inher- 
For the fac i l i ty  
Gmnp A ( to Mch 6); C1, Ml 
Group B ( to  Mach 12); LL-Lk, (2, M2? H3 
E;XZSTIl?G GROUND TEST. CAPBBILITY: 
have sufficient capability t o  satism 65s of %he total research objective for 
either Group A or G r o u p  B. 
K4SA/AMB 40' x &'. 
wit;h the current NASA/= fli&t ssmulator. 
due to Mich Nugdber range,  tes t  seeki-on size, and model scaling. 
some problem for bypersonic data acquisition. 
Taisting ground test  facilities are estimated t o  
Typical fac i l i t i es ,  w i t h  additive carmbilities are the 
16' sup&~pscntc, and RDL Hypzssonic tunnels in coqjunction 
The principal limitations imosea are 
Run t i m e  presents 
CAPABIrUIY PRWlDED EY WW GROWD TEST FACIUTIES: 
new fac i l i t i es  listei below protride an increase in current capability of abut 
For the most part, the contributions of each fac i l i ty  axe Sddi+yive. Numerical 
differences between Groups reflect the =%Wing of f ac i l i t y  capability with opera- 
tional speed range. 
Irr,plementa%ion of the Dotential 
FACILITY 
GD3 
GP A GP B - -- 
0 2  215 17% S m a l l  Test Section,Model Scaling, 
L i m i t e d  t o  Mach 1 
Mach 5 
17s l4Q Small Test Section, Limited t o  
7Q Mach 8-13, Limited Time 
N a r l g r  Completes Simulator require- 
MIA 
4* 4* 
ment s 
CAPABILITY PRWIDBD BY FEW FLIGHT FACIUTIES: The unmanned f l igh t  f ac i l i t i e s  do 
not contribute to the &%tisfaction of this objective. 
were damgraded because of speed range. 
newly all meh 6 objectives. 
TRc lower sped vehicles 
The Mach 12 f l igh t  facilities satisfy 
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Research 
Objective 5 cont. 
205-208 
210-215 
231-235 
30,271 
250-259 
9% 
Subsonic, A l l  Body Configuratiori 
Variable S tab i l i ty ,  h w  Speed 
Relatively Small, JP Fueled, Speed 
Air Launched, Relatively Small, 
Limited to  Mach 6 
A i r  Launched, Mach 12 
VT0, Mach 12 
Closely Represent Operational 
Limited 
Macil 6 
Vehicles to  Mach 12 
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Research 
Objective 6 
PURPOSE: To Evaluate techniques for positioning control and l i f t i n g  surfaces 
and i n l e t  location t o  obtain favorable aerodynamic influence. 
EIATIONSSIP TO Opfi=RBTI(lIiAL VEHXCUS: 
in caflgurat5on developmen‘k for 9-11 operational vehicles. 
Interference effects play an impcrtant role 
The dominance of these 
effects i s  a function of the design speed range for the vehicle. 
eveluating fac i l i ty  capabilities, the operational vehicles were grouped as follows: 
For ~umoses of 
’;roup A ( to  Mach 6); C1, M1 
Grmp B (to Mach 12); U-rk, C2, W, 
EXISTINS GROUND TEST CAPABII3TY: Existing capa’bility is estimated a t  60& of the 
objective flitfilled for Group A and 54s for ?roup B. mica1 facilities which 
apply are the ?WA/AM8S l2’ pressure tunnel, AEDC 16’ Supersonic and NOL Hyper- 
velocity tunnels. P r I n c i p L  limgitations are size of test section, Remolds 
number capability for the m o b e l  size ~ u i ~ a ,  and hypersonic tunnel run time. 
CAP.QBIUTY FTKMDD BY l0W GROUND !lBSE FACIUTIES: 
improved by nearly Zoqs w i t h  the use of GD3 for Group A and GD3 ant3 UT for 
The overall canability can be 
Group B o  
For Group A vehlclea, GD3 can provide 70% of the desired objectives; being 
slightly limited by Mach auaiber Range. 
cD3 and Q)? have additive capabilities rand provide 56% and 8$, respectively, c\f 
Group B requirements. Run time is limited i n  the  higher Mach Nmber turnel. 
CAPABILITY PROVIDED BY FlEW FUCffl‘ FACIUTIES: 
contribution t o  t h i s  objective. 
cruise vekicles. The unmmned vehicles were downgraded because of relat,ive l i m i -  
tations on T1ight  ewelope flexibil i ty.  
Group B are a result of reh’kive speed range of the pturticular Group, as zompared 
to the specific facility being investigated. 
The low sneed vehicles have no 
Maximum benefit is achieved with air breathing 
Numerical differences between Grouo A and 
281-285 m 35% Rocket Cruise, Unmanned 
Rocket Cruise 
A i -  Breathing Cruise, Unmanned, Mach 6 
Composite Engine, Mach 4.5 
Air Breathing cmise, ~ a c h  6
Converttble Scramjet, Mach 12 
231,232,254-259,2?1 100s *” 95s Air Breathing Cruise, Mach 12 
2330253,270 w 40s 
40% 204,220,221 aQ$ 
50s 200,201 Ss$ 
205-215 9% To$ 
280 9% 
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*search 
Ubjective 7 
FWRPOSE: 
obtain propulsive lift with the aid of favorable nozzle/airframe interaction. 
To evaluate configuration shaging/propulaion system design techniques t o  
RELATIQPISHIP OF OPERATIONAL VEHICLES: 
vehicles can benefit from erpansion of the engine exhawt over the aft portion of 
the aircrai't body t o  obtain a force component producing lift. 
the Mach 4.5 Ml vehicle. 
w e  the a-frame for exhamt expansion, 
V i r t u a l l y  a l l  the potential operational 
One exception is 
The turboramJet engines are installed far aft and do not 
MLSTIMG GROUND TEST CAPABILITY: 
jective can be accomplished in existing w i n d  tunnel facil i t ies,  
It is estiumted t h a t  approximebtely 35s of the ob- 
An example of 
those which cm be used additively to  &lore the Mach Number range are the  NASA/ 
AMES low speed, AEDC 16' transoniqand AGDC 16' superscnic tunnels, and the Cornell 
base f l o w  facility. 
restrictively factore are test section size and model scale. 
A l l  these are continuous run facil i t ies,  and the principal 
CAPABILm PROVIDED BY XW GROUND TEST FACILIIPXES: 
facilitfes can virtmlly double existing capability (=95$ addition). The faci l i t ies  
can be used additively (each t o  cover a given flight range) to the  extent s h m  below. 
The use of potentia3 new ground 
Limited by Test Section Size and Mode1 
Scale 
Limited by 30 sec Ih\n Time 
Limited by 1-4 see Rurr Time 
Limited Node1 Scale and Run Time 
CAPABILI!lY PROVIDED BY HIH PZIGEl! FACILITIES: 
boost vehicles contribute to  the satisfaction of th i s  reeerch objective. 
rocket boosted and staged vehicles are not designed to  use propulsive lift.  
airbreathing a l l  body vehicles are lmted because of the transonic drag rise as- 
sociated with the configwatione. Capability to  perform the required research I s  
tabulated below. 
only the winged body, airbreathing 
'The 
The 
200 
204 
205,210 
212 
257 
Winged Body TRJ, Limited t o  Mach 4.5 
lkueannea w i w a  may TRJ, Ldmitea t o  
b c h  6 
Winged Body m, Limited t o  k c h  6 
Winged Body TWJ, Limited to  k c h  6 
W i n g e d  Body TJNSJ, Capability t o  I% 'i 
l2 
5ose w 
70$ 
7 6  
958 
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Objective 9 
PUKPOGE: 
especially 83 influenced by propulsion system integration and aerothermoelastic 
effects . 
To evaluate s tabi l i ty  and control chareacteristics of hypersonic aircraft  
RETXPIONSHIP TO OPERATIONAL VEFXELES: 
impact design of a l l  the potentla1 operational vehicles. 
magnitude of these effect8 are influenced by the operating speed range. 
purpose8 of evduation, the operational vehicle w e r e  broken into two groups each a 
composite of the speea range as rehtedto faci l i ty  cap&,ilities. 
Satisfaction of this  research objective will 
For the most part, the 
For 
Group A (lb Mach 6); C 1  and M1 
Gmup I3 (To Mach l.2); Ll-u, c2, le, M3 
EXISTING GROUND TIBT CApABILm: 
36$ and 32% t o  the definttion of stabil i ty coefficients for Group A and B,resp@ct- 
ively. Eoth &roup8 u e  wind tunnel faci l i t ies  typified by the NASP-/AIuIEs low 
speed, AH]c 16' transonic cand supersonic,  NO. 2 hypervelocity tunnels. Limita- 
tions on capability are generally test section size, model scaling, and run time. 
Ekisting ground faci l i t ies  can contribute about 
CApABrtITy PROVIDE BY SEN GIlourpD TEST FACZLI!I!IFS: 
can contribute in somewhat add5tive faSMon to increase current capability by 
about 1OOq6. 
ability. Numerical differencza between operational groups reflect the greater 
relative percentage applicable to that b c h  number range. 
The potent3al new faci l i t ies  
!RE facil i t ies,  as identified belaw, w i l l  supplement exieting cap- 
FGwms 
e -  
FACIzrn OBJEETIW SATZSFIED 
GP A GP B 
GIE 1m 5% Small Test Section md Model Scale, 
a 3  
GD7 n/A  
Subsonic 
Coot?. t o  Mach 5, zlcna Run Time 
Lhi-ed A\n Time, High Speed h d  
Limited Itest Section Size, Model 
Scale, Run Time 
9$ 
30$ 3* 
15$ lo$ 
CAPABzLZL'Y YZIVHIED BY IQEkJ FLDCIPP FACILTIIES: All the high S m d  (hCh 405 - 32) 
fl ight Sacillt%ees crbn contribute tc 
downgraded because of inflexibility. 
graded because of' the* -11 contribution to  inlet develoipmgnt. 
ferences between g~oups is primarily due t o  the relative comparison of vehicle fl ie;ht  
speed with facility capability. 
ng degrees. !Che unmanned vehicles were 
Numerical dif- 
Rocket boosted and staged vehicles were down- 
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Limited To k c h  4.5 
Ihmmned, Staged CSJ to Mach 12 
Urrrpanned, All Rxket  t o  Mach 12 
ConposAte Cycles with a Rocket to 
Mach 6 
composite Cycle to k c h  4.5 
Composite Cycles to Mach 6 
Illr k W h  
Rocket/CSJ to Mach 12 
Camposite Cycles to Mach 12 
m l e s  to &ch l2 
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Objective 10 
Fl.XPOSE: To develop design techniques for integration of stages i c t o  the overall 
vehicle configuration in an effort to improve aerodynamic zharacteristics for each 
stage, as well as the canposite vehicle, throughout the applicable flight regime. 
RELATIOESKP TO OVERATIOHAZ VEHICLES: 
operational vehicles Ll--Lb) can benefit from configuration development directed 
A l l  multi-stage launch vehicles (potential 
specifically toward stage iuttegration. 
shapes can be expected to  provide generally improved drag profiles and vehicle 
p e r f o ~ ~ ~ ~ e  thmugbut the flight path of each stage. 
Careful review of individual and composite 
EXLs3[TITsG GROUND TEST WAB3Lm: Currently, the use of wind tunnel faci l i t ies  
typified by the NASA/AMES 12' pre8SU.E tunnel, &XlC 16' supersonic, and ITOL hyper- 
velocity tunnels can provide additive contributions amounting to the pesrozmanca 
of 5'7s of the research object&~@8. Test section size and reduced m o d e l  scale are 
linlsting factors. 
CAPABILITY PROVIDED BY I6W GROUBlD TEST FACZLfirIES: 
ground test facilities, G E ,  GD3, and (33'7, acbditively by their respective Mach 
number range, czhn increase current capability by nearly 5046. 
bution of each of these is 26$, 2846, and I2$,respectlvely. 
are Mach number rapgse for G E  anti GD3 test sect ion and Reynolds number scaling 
forGD2,aad law run time (1-4 eecooaS~ for m. 
The use of the potential new 
The increment contri- 
Principal limitations 
CNmILm PROVIDED W HEW F'LDGEflt FAC3Ll!fIES: The flight test facilities, a l t h o x h  
not similar t o  the staged operational vehhles, genembly contribute in proportion 
t o  their capability to provide test time at a given Mach nmber. 
given t o  the subsonic a l l  body vehicle (-291); and the unmanned veUc3.e~ were dawn- 
graded IO$ due to their relative inflexibility. 
No credit was 
Low Speed and Tmsoaic End 
Unmanned, k c h  6 Deaigra 
uaolsnned, k c h  l.2 Design 
b c h  6 Design 
Mach l2 Design 
W,e= 10s 
2C4,220,221 w 
280-285 504b 
200,201 w 
205.215 
231-271 9 6  
hCh 6.5 &Si@ 
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Objective 11 
FVRPOSE: To determine separation technique8 for two-stage , recoverable kyperscnic 
which w i l l  provide positive and controllable 8epar&ZioE. 
~ I o B ~  To oPERATIOlrpA3 VEH-: 
by L1-I& are directly influenced by satisfaction of this  research objective. 
result8 w i l l  contribute directly toward configuration development and definition of 
vehicle control parameters during the separation sequence . 
The potential operational vehicles identified 
The 
METING GROUND TEST WmILrrP: Existing faci l i t ies  can satisfy 70$ of the re- 
search obJective. T%e major tasks aredefinition of' stage interaction forces and 
the definttion of a viable separation sequence. Thls may be accomplished with the 
aid of the &Mnman AFB rocbe3 sled t o  supplement wind tunnel capbilities chrtrac- 
terized by the AHX: 16' supersonic tunnels. Wind tunnel facil i t ies are limited 
by test section size and Reynolds nwnber/mdel scale. 
CAPABILlTY PROVIDED Ff - ISWSJ SRO- !PEST FACIXCPlE3: The addition of GD3, t;hich can 
accomplish 3546 of the research objective, Increases the to ta l  capability of ground 
facil i t ies t o  about 75s. 
the high supersonic (to Mach 5 )  speed range although some improvement may st i l l  be 
desirable at the upper end (> h c h  5). 
GD3 w i l l  be used to supplement existing capability i n  
CAPABILITY PROVIDED BY MW FLDGBSI FACILZPIES: 
faci l i t ies  are staged concepts, not all are laterally staged as i n  *e case of recover- 
able boosters. 
tgon t o  design Mach Number and available test time at laser Mach Numbers. 
is gfven to  the 8Ub8OnlC a l l  body vehicle (-291). The var*%ble stabil i ty ~106 and 
Mach 2 all-body atreraft ofl'er potential for definit ion of the low speed end. !Phe 
llrrnrrrnned veMcles were downgraded 10s t o  account for their relative in f l ex ib i l i t y .  
Although some of' the flight test 
Therefore, the fligkt facility contribution is generally i n  propor- 
No credit 
290,292 
204,220,221 
280-285 
260,201 
205-215 
2331-271 
Low Speed and Transonic h d  
Ulvnanned Mach 6 Design 
Unmanned Mach E? Design 
Mach 4.5 Design 
Mach 6 Design 
Mach l2 Design 
% 
9* 
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Objective 12 
PIAXPOSE: 
i n  an adverse pressure and. shock interaction environment. 
To improve fundamental knowledge of hypersonic boundary layer behavior 
IUZATIONSHIP TO OPERATIONAL VEHICLES: 
valuable data for configuration development for a l l  the potential operational 
The satisfaction of th i s  objective provides 
vehicles . 
ing i n l e t  development. To evaluate this objective, the operational vehicles were 
broken in to  two  groups t o  provide closer correlat ion on the basis of speed: 
Typical examples are impact- upon control surface location and airbreath- 
Grom A (To Mach 6); L1, M l  
Group B (To k c h  12); L L a ,  C2, K, M3 
MISTING GROUND TEST CAPABILTTY: 
characterized by the AEPC 16' supersonic and No. 2 hypervelocity tunnels, can s a t i s 0  
the obdective for  Group A and Group B to the extent of 60% and 5l%, respectively. 
Limiting parameters are generally tunnel size and model scale as well a8 run time 
for the bypersonic faci l i ty .  
Supersonic and hypersonic wind tunnel fac i l i t i es ,  
CAPABILITY PROVIDE BY NEd GROUND TEST FACILITIES: *. The adaptation of GD3 and 0 7  While GD7 does not apply tn Sroup 
became of the Mach nmber range; It can contrsbute 12s toward the overall objectives 
for G r o u p  B aircraft. GD3 contributes TG$ and 4946 for Gmq k and B ,  respectively. 
The princi-1 limitation for  GD3 is Mach number (/"Y5.0), while GD7 can only provide 
1-4 second8 run time. 
CAPABILITY PROVIDE BY MEW FLIGET FACILl!lXE3: 
tribute t o  satiefaction of t h i s  research objective. 
provide an extension capability for  definition of Group A vehicles. 
vehicles were downgraded t o  some extent by t h e i r  i n f l e x i b i l i t y .  
are proportional t o  speed envelope. 
All high speed flight fac i l i t i es  con- 
The Mach 12 vehicle can also 
The unmanned 
Other differences 
GP A 
200,201 Limited To Mach 4.5 
Limited To Mch 6 
FW.1 Capability t o  mch 12 
Unmanned, Wch 6 Design 
Wnmanned, Mach I2 Design 
205.215 w 
232-271 100s loo$ 
204,220,221 95s 759 
280-285 loo$ 9% 
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%.jective 14 
PURPCSE: To develop techniques f o r  prediction of buffet  onset for low a:,ne::t r a t i o  
configurations, including the contribution of longitudinal bending and win;: bena inp  
responses . 
RELATIONSHIP TO OPERATIONAL VEHICLES: The sat isfact ion of t h i s  research ob,jective 
contributes t o  configuration development f o r  a l l  hypersonic a i rc raf t ,  and i s  ne?- 
essary t o  adeqwtely define a i r c ra f t  s t a b i l i t y  and control capabili t ies alonp, w i t h  
overall  assessment of external load patterns. 
EXISTING GROUND 'ZEST CAPABILITY: 
AEDC and NAR transonic tunnels can sa t i s fy  up t o  60$ L the defined obJective. 
Principal l imiting factors are tes t  section and model size and, i n  some cases, speed 
range of %he tunnel. 
Current wind tunnel capabili t ies,  typified by the -
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
be realized by u t i l i z ing  the CD3 tunnel is approxixately 30%. 
estimated 80$ of the overall  t a sk  and is limited t o  some degree by t e s t  section 
s ize  and Reynolds number/model scale. 
The added capabili ty which may 
GD3 can Derform an  
CAPABILITY PROVIDED BY NEtJ FUIGHT FACILITIES: The f l i gh t  f a c i l i t i e s  generally con- 
t r ibu te  i n  proportion of t h e i r  design speed, overall  size, and shaGe, as noted below. 
Unmanned vehicles were hampered by their  lack of f l e x i b i l i t y  t o  ident i fy  and explore 
the buffet regime. 
FUGHT FACILITY 9& CONTRIBUTED TO FtEMAWS 
OVERALL OBJECTIVE 
Unmanned 
Variable Stab i l i ty  ~106 
Subsonic, A l l  Body 
Low Supersonic, A l l  Body 
Mach 4.5 Design 
Mach 6 &sign 
Mach 12 Design 
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IITRPOSE: 
shape changes and flight path variation on sonic boom intensity near f ie ld ,  and 
far f i e l d  noise levels. 
TO evaluate configuration shaping techniques and determine t h e  e f f ec t  of 
KEZAT19NSHIP TO OPERATIONAL VEHICLES: 
pressures and noise levels which may be annoying o r  destructive along the ground 
track. Satisfaction of t h i s  objective may al leviate  $kia potential early i n  the 
configuration development phase. 
A l l  hypersonic vehicles will generate over- 
MISTING GROUND !EST CAPABILITY: 
t o  the satisfaction of 40% of the research objective. 
defined by the AEDC 16, transor4.c tunnel ,  
dated model size  are emall. 
Existing wind tunnel f a c i l i t i e s  can coutribute 
Typical capabili t ies are 
Generally, the t e s t  section and accommo- 
CAPABILITY PROV’DED BY NEW GRCWlD TEST FACILITIES: 
GD3 contributes 50% toward satisfactton of the overall obJectlve, providinc an 
estimated increase of about 405 when used t o  supplement existing f ac i l i t i e s .  
test section and model s ize  a re  limiting factors along with the 30 second run :.ime. 
The capab?lity represented by 
The 
CAF?BIzITY PROVIDED BY NEW FLEHT FACILITIES: 
supersonic capability can contribute t o  some extent. 
minimal, particularly with the staged vehicles. S h e  is  also an important parameter 
here, so tbt the smaller air hunch vehicles contribute t o  a lesser  degrbe. 
dividually, none of the vehicles cad satisf‘y the ebape i n v e s t i g a t i m ;  this is a com- 
parison that must be made betwe6.c vehicles or  with ground f a c i l i t y  extrapolations. 
All the f a c i l i t i e s  wi th  transonic/ 
The unmanned contribution is 
In- 
FACILI!FY 0- OBJEZTIVE REMABKS 
220,221,280-283 
270,273. 
205-208,231-235> 284 
290 
292 
200,201 
210.215 
250-259 
Staged, Unmanned 
VTQ 
Air hunched 
Variable Stabi l i ty  ~106 
All Body, J’P f’ueled, Mach 2 Design 
JP  Fueled, Mach 4.5 
Sized for  Wch 6 
Sized for Mach 12 
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PURPOSE: 
for turbulent boundary layers . To develop correlation methoda for prediction of heat transfer and drag 
RELfVPIONSHIP TO OPERATIGNAL VEHLCLES: 
enables high confidence definition of environmental p r o f i l e s  f o r  all the pote i i t i a l  
Satisfacticn of thie obdective 
operational vehicles during the early stages of configuration development. 
operational vehicles vere grouped into two broad categories t o  more nearly match the 
speed range with the faci l i ty  envelope. 
The 
These are: 
G r o u p  k ( to  &ch 6) C1, Ml 
G r o u p  B ( to  Mach 12) Ll-Lb, C2, W ,  M3 
EXISTING GROUND !EST CAPABILIXY: 
tunnel  fac i l i t i es  t o  the extent of 60s for G r o u p  A and 44s for Group B. 
t ive  fac i l i t i es  are the AEDC 16' supersonic tunnel  i n  conJunction with the No 2 
hypervelocity tunnel for  Group B correlation. 
size and model scale accommodated along w i t h  hypersonic tunnel rb-l time. 
The objective can be sa+isfied with current wind 
Representa- 
Limiting factors are test sectjan 
CAPABILTPP PROVIDED BY NEW GEUUND TEST FACILI!IXES: 
new fac i l i t i es ,  GD3 and GDl5, w i l l  provide an overall increase i n  tapabilit, of 
aberrrt 5O$. 
The addition of the potmtial  
These fac i l i t i es  are used with V A ~  l i t t l e  overlap i n  capability. 
$ OVERALL OBJEXTIVE 
FACXLITY SATISI'rn €u!wLms 
96 
- - GP A GP B 
GD3 35% G i G  Speed Range Beneficial, L ~ J W  Run 
Time 
GDl.5 3096 245 Limited t o  k c h  8.5, Low Ftun Time 
CAPABILITY PROVIDED BY NEW FKBHT FACILITIES: 
sonic fl ight f a 2 l i t i e s  can contribute to  satisfaction of this objective. 
A l l  y tent ia l  new tranrsonic and super- 
The un- 
manned vehicles have been downgraded on the basis of inflexibility. 
contribute io proportion t o  t h e i r  flight speed. 
speed groupings is a result oA =cater relative capability e!? the flight fac i l i ty  con- 
t ribut ion as a percentage of overall requirement . 
Ckher vehicles 
Yumrical difference8 between 
FLIGEr $ COMTRIBUTED TO 
FACIGRY OlEXW-  OBJECTIW RFNARKs 
Spaea Limited, Variable Stabil i ty F106 
Speed Limited, All Bady Mach 2 
Mach 4.5 Design 
Unmanned,kch 6 Desiesr; 
k c h  6 l i ~ l g n  
U-sd,kch 12 Desigu 
Xach I2 Deaign 
--rB t2PM 
290 
292 
200,201 
204,220,221 80s Goqd 
205.215 955 75e 
28~-285 954 so5 
231-271 lOQ$ 95% 
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Ob jcct  i v e  18 
fPTRPOSE: 
ment aerodynaXc controls at high alt i tude.  
To investigF\te the location and use of reaction control engines t o  supple- 
RELATIOIVSH~ TO QPERATIONAL VEBELES: 
ive can provide ca significant contribution to reduction of overaall control surface 
If fruitful, the satisfaction of t h i s  object- 
sire, deflection angles, and resultant heat loads and power n ? q u i m n t S  for those 
vehicles v i th  ertiise sped% greater than Mach 6. 
Vehicles are LI-IA, C2, l@, M3. 
The potential  operational 
EXISTICG GROWID !PEST CWABILI!l!Y: 
Altitude Chambers, exist  which can be ut i l ized  for  development of the rocket motors 
requhml. 
rewarch obmt~ve. remaining requires ni&t test t o  determine aero- 
dynamic control/reaction control system interaction. 
Numeraus ground tes t  f a c i l i t i e s ,  Environmental/ 
Them? w i l l  contribute about 8@$ toward satisfaction of the overall  
CAP'BBSLITY PFOVIDED BY NEW FLEX! FACILITIES: 
a l l  the potential new supersonic night facil i t ies.  
be used t o  deummtrate functioraai capability, as caa the -miaimed vehicles. The 
latter were doungraded bcause of the desirability t o  h; 2 p i lo t  reaction/response. 
Contribution to the overall objective is otherwise praportioml t o  design speed/ 
equilibrium al t i tude 
h e  contribution can be realized by 
The lower speed vehicles can 
290,292 
2Q4,220,?21 
280-285 
200,201 
205-215 
270,271- 
231-9259 
Fbct ioml Check h'by - Speed/'.-Utit;ld,A 
Limited 
unmanned, b c h  6 ~ e s i g n  
Unmanned, b c h  12 Design 
Mach 4.5 Design 
Mach 6 Design 
Mach l2 Design, VTO 
Mach 12 Design 
5s 
2* 
3w 
60% w 
9036 
l* 
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Objective ? ' 
PURPOSE: 
ins ta l led  location and f l i g h t  environment; t o  determine deflected control swfqce 
heat load as a function of deflection angle i n  t h e  hynersonic environment. 
To determine aerodynamic control system effectiveness as 4 function uc 
RELATIONSHIP T@ OPERATIONAL VEHICLES: Satisfaction of t h i s  objective wi 1 'i r3rn-i. 
vqluable design data fo r  control surface nlacement, control Dower, and t h e r m 1  qr! - 
tect ion requirements f o r  a l l  the potential  oDerational vehicles. 
vehicles w e r e  grouped irzto two speed categories t o  better match vehicle stxed rit5 
f a c i l i t y  capability. These are : 
The oDerationri1 
Group A (to Mach 6) C1, Ml 
Group I3 (to Mach 12) LL-Ih, C2, E, M3 
EXISTING GRUUXI TEST CAPABIUW: 
satisfied for Croup A vehicles and 64s for Group B -&th the use of existing wind 
It is estimated that 70$ of the  objective can be 
tunnel facilities. 
AEDC 16' supersonic, and NOL €Iypervelocity tunnels. Tes t  section s ize  and m D d e l  
scaling are genesally l imiting factors, with run time contributing to hpersonic  
test l i m i t s .  
CurreDt capabili ty is  represented by the NAsA/AMES lov meed, 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
noted below, with generally additive capability, will provide an overall  increase 
The addition of the f a c i l i t i e s  
i n  exis t ing capabili ty of nearly 405. 
t o  greater relat ive portion of Croup A performed i n  lower speed facilities. 
Numerical difference between groups is due 
FACILITY $ ovERAu OBJECTIVE 
SATISFIED 
GP A GP B 
Limited Test  Section Size, lVRE 
Scaling 
355 2% Restrictive Speed Range, Size. 
Scaling 
N/A 12% Restrictive Sneed Ftange, Run Time 
43s 34% 
CAPABILITY PROVIDED BY ?EM FUGIFT FACIUTZES: 
conlribate t o  the satisfaction of this objective, although the contribution of both 
the variable s t a b i l i t y  F106 (-290) and Mach 2 design a l l  body i s  miniml. The tin- 
manned vehicles were downgraded s l ight ly ,  along wit!! another reauction f o r  the 
staged vehicles due to t h e i r  re la t ive inflexiblc flight prolile.  The remaining 
rat ing differences are proportioned t o  f l i g h t  speed; with numerical differences 
betweer, Croups a t t r ibu ted  t o  the relat ive matching of operational meed range w i t h  
f a c i l i t y  capabili ty . 
All supersonic flight f a c i l i t i e s  
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Objective L:+ cont. 
FLIi;H!T FACIUTY ’$ CONTRIBUTED TO 
OVERALL OBJECTIVE 
GP A GP B 
REMARKS 
292 
22i>,221 
2oa,23f 
204 
205 -215 
2& -265 
23i-271 
Variable Stability ~106 ,  Sneed 
A i l  body, JP Fueled, Mach 2 Design 
!itRcged, tlmm.e:d Mch 6 Desip 
Mach 4 .5  Design 
A i r  Lwnched. llnmanned Msch 6 
Mach b k s i g n  
tJmanned Mach 12 Design 
Mach 12 Design 
Limited 
Desi +n 
REPORT MDC A0013 0 2 OCTOBER 1970 
VOLUME II 0 PAR? 1 
Research 
Objective 20 
PURPOSE: 
m i a n s i o n a l  hypersonic flow field. 
To extend current capability i n  the prediction of aerothermal asraiueters 
RELATIONSHIP TO OPERATION VEHICIES: Satisfar-tion of t h i s  objective w i l l  enable 
high confideme prediction of the thermal protection requirements f o r  all the mten- 
t i a l  operational vehicles. 
speed ranges, to re late  mo= closely t o  f a c i l i t y  capabilities. 
These have been divided in to  two groups, according t o  
The ~ ~ O U D S  me: 
.z- UP A ( t o  k c h  6); ~ 1 ,  pil 
Group P ( t o  Mach 12); Ll-I&, C2, W ,  M3 
EXISTING GROUND TEST CAPABILITY: 
9 1 7 9  AEDC heated tunnels, "B" and C %and 16' supersonic tunnel can obtain 555 of the 
Present ground t e s t  facil i t i ,os,  twified by the 
desired objective for both operational vehicle groups. 
Reynolds number/Model s ize  and lack of t rue  temperature capability. 
L i m i t i n g  factors are 
C4PABIUTY PROVIDED BY JIEW GROUND TEST FACIUTIES: The use of potential new faci-  
l i t ies  can provide a substantial ( m) increase i n  current ca-bility. 
tunnels, 0 3 9  GDl.5; md GD16 for W w  A; W, GD15, and GDlt, CYUI combine to accommo- 
date larger d e b  of the G r o u p  A and G r o u p  B v e h & C k ? S o  The cmbWt ion  can satisfy 
675 of the overall research obJeetiveso Li&ting factors are amin mdel size and 
kynolds number capability along with deficiencies In flou temperature slmulatloa. 
The new 
CAPABILITY PROVIDED BY NEW FL;fSIi!I' FACILITIES: 
i n to  the same overall class as the operational vehicles. 
vehicles apply. 
case on the subtleties of vehicle design differences but rather upon the design 
l i m i t s  f o r  test operation. 
t o  the increased capability of a Mach 12 f l i g h t  f a c i i i t y  t o  handle Mach 6 objectives 
with an effectively increased t e s t  time. 
The flight f a c i l i t i e s  are grouped 
Satisfaction of the research objective is not dependent i n  t h i s  
Only the supersonic 
The numerical difference between Group A and B is  due 
FLSSHT FACILITY g L x v I R I r n  To 
OWRAIL O r n C T I v E  
200-221 8* 759 Design t o  Mach 6, Local Shme Variation 
OrJy 
Wch 12 Desiw , LOczhl Shape Wariatfo,i 
Qnly 
231-285 WQ w 
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PURPOSE: To investigate the  effects  of shaping and 
drag and local surface temperatures i n  a hypersonic 
protuberances on vehicle 
environment 
. .  
c .lXdlTICXSKIP TO CT3iXI"20~SI, ' . ' 3 I ~ C ~ :  All tho :ye patima1 ylshicles -.:ill c * c - c -  __.  
?ram the sat isfact ion of tnis ob.jective by x ' i r t u ?  af incL*zas-5s in  o\-:=a11 * ~ . - L c I :  
?)i-rformance (via drag reductim) and de f in i t i on  311 t:i~manal 7rotzcti:;r- :=xiit--.!! : .:it 
for the objective/facil i ty correlation. 
broken in to  two groups: 
- .  - 
The potential  Qperational vehicles were 
crow:, A ( t o  Kach 6); c1, m. 
Group B ( t o  Nach E); Ll-a, C2, 1~2, 1.: 
XISTING G3OLIID TSST CAPA.EI'&TY: Current ground facilities, typ i f i33  3;r  tk 
S D C  haated tunnels "3" ar,d '..2'" and the 16'' supzrsmic tunnel, will satisfy 48% 
af  the objectives for  ?ach vehicle grou?. 
Nunber !%del size (%1% capabili ty) and lack cf adzquate real gas tcn-:xra'i.ir? 
affects . 
?rinci%l l imitations a rz  & y n x ~ k  
CAFABILITY PRO\?IDZD BY NE.? G F K X . .  TEST FACILITIES: Increases in  gounci t . 2 ~ :  
callability of about 1% are available through the couibined use or  GO:, GDi.5, 
GDl6, 36, E'7 fo r  Grou? A and GD7, GDl5, GDl6, 38, 3, for Group B. 
dynamics (GD) facilities each contribute about 565 (v i th  o ~ e r l a p )  ta tlir: sat.ts- 1 
faction Df the GbJectives fo r  both Groups. 
high temperature @s flow and contribute 70$ (Group A) and 20$ (Grou? B) 1;;\..=r:l. ! 
t he  Q mall research o'ojectivz. 
Model s i z e  for the gas dynamics f a c i l i t i e s ;  run time and high temperature f l o w  
capabili ty relative t o  overall  Mach nmber requirement for the E f a c i l i t i e s .  
I 
Th.3 3 s  
1 Th? engine test  facilltif3s -?r"~.id3 
Primary l i m l t z t i a n s  are 3eynold.s nmhzr zri i 
8 t  t l  
CA?ABILITY PIOVIDE BY W.I FLIGFII FACILITI3S: Tho research 3bjecti-.-? - . r i i l  h 
nar t ia l ly  E\:lfilled by a l l  high supersonic and hypersonic flight. facil l t ins.  
Sinc.3 the objective requirzs the f u l l  u t i l i za t ion  of steady s t a t e  test t-iaz, 
differences between launch mode and engine selection da not nredominat2. 
f a c i l i t i e s  contribute as tabulated below. The p r i n c i m l  l imitation ts lack 
of tk a b i l i t y  t o  7rovide vtariattons i n  s h a ~ ,  cxcent v i th  "fly-al-nS" tzs-c, 
nanels 
) 
Fli@ 
200-215 
231-285 
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PURWSE: 
niqucs on skin f r i c t i o n  and heat t ransfer .  
To determine the effects of t r i m p i r a t i o n  and ab la t ive  caoling tzch- 
IWATIONSHIF TO OPEBATIONAL VEIIZCLES: Sa t i s fac t ion  of t h i s  objective provides 
a measure af how external thermal protection techniques can be used t o  e f f ec t ive ly  
Drotect launch vehiclzs; and t o  gain ins ight  i n t o  the effect on aerodynamic wr- 
foxmame. 
L1 through u. The applicable operational vehicles are the reusable launch vehicles 
EXISTING GROUND !EST ZAPABILITY: Current gromd f a c i l i t i e s ,  typified by the 
iw. 
ca-bili ty. 
and AVCO 10 W he= tunnels, can s a t i s f y  52% of the  desired object- 
Pr incipal  l imi ta t ions  involve Reynolds nmber/rnofid scale, arid Mech number 
CAPABILITY P3OVI;IZD BY F X r J  G3OUND TEST F A C I L I T I B :  
inherent ir. the develoDment of the -ten+uial new enginz test and gas w m i c  
facilities can result i n  an increase of 20$ over ex i s t ing  capability. 
t r ibu t ion  of' the new f a c i l i t i e s  is nearly additive for GD7 and GDlS; a t  40$ each. 
Either 26 o r  37 can yrovid!. about 80$ of the tern-rature environment v i t h  S8 and 
E9 downgraded t o  75$ because of Hodel scale. 
adapted t.0 contrihute about. 7 6 .  
model scaling and Mach nunnber range. 
The addi t iona l  ca+bilitg 
5 % ~  cc3- 
The 310 f a c i l i t y  can a l s o  be 
Principal  l imi ta t ions  are 3eynolds number/ 
CA?BILITY ?!3OVIIED BY NEW FLIGFlT FACILITIES: 
i t ies  vhich have hypersonic test capabi l i ty  (Mach 6 and I&ch 3.2) contribute 
t o  the sa t i s f ac t ion  of t h i s  objective i n  proportion to their speed range. 
The Mach 6 vehicles can s a t i s f y  about 70$ of the  overa l l  objectives, limited 
Tr inc iml ly  by the maximum dts ign fl ight swed. 
contribute u3 t o  of the overall objective,  
i n a b i l i t y  t o  make chaages i n  averall configuration, although "fly-along" vrc2l-s 
m y  poten t ia l ly  be used to vary test specimen configuration. 
The poter,tial new f l i g h t  f a c i l -  
The bkch l2 v 2 5 c k s  -.~511 
The lixnitins f ac to r  liere is  t k  
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i?UKEQSE: 
gaps r@su 
altitude . 
To determine the effects on aerodynamic heating caused by flow through 
ting from adjacent aircmf't surfaces anh rapid changes i n  operational 
RELaTIOMsHlp TO OPERATIONAL VE3ELES: 
a more complete definition of thermal protection requirements for a l l  the potential 
operational vehicles. 
opesattonal vehciles were grouped according t o  two primary speed ranges: 
Satisfaction of t h i s  objective wfll provide 
For purposes of xmparison with facil i ty capabilities the 
G r o u p  A ( t o  k c h  6) C1, Ml 
G r o ~ p  B (to k c h  52) Ll=L4, C2, hQ, M 3  
EXISTING GROUND !EST CAPABILITY: With the we af existing &round facilities, such 
as the AEDC real temperature tunnels, "B" and' _ I 1 ,  and 16' supersonic tunnel, current 
capability is 50$ of the overall research ob jeetive, for but.h vehicle groups. 
Limiting factors are Reyllolds nmber/mdel scale an6 h W - b . ~ * y  to  provide real ~s 
effects throughout the spectrum. 
CAPABILITY PI#IVIDED BY NEW GRouElD TEST FACILITDS: 
available through the use cf the potential new gas dynamics facilities, GDS 
GD16 for Group A vehicles and GW, GDl5, mi6 for Group €L 
is appr0x-teI.y 56$, reflecting an increase of 12% over existing potential. 
facil i t ies would Be used to  f i l l  the e n t i r e  Mach number range but have overlapping 
capabilities in terms of real gas effects and Reynolds nmber/model scale, which 
are two principal limitations of the ground facilities. 
Additional test  capability is 
GDl'j,  
me 
The overall contrfbutiou 
CAPABILI!l!Y PROVIDED 3Y NEW FLIGHT FACILITIES: 
the full emuse  of lulach numbers, r e a l  gas effects, model size,as well as 80$ of the 
Fkynolds Number requirements. However, the extent of their contribution toward fu l -  
filling the research objective is based upon the design flight speed and resultant 
test  time available at lower speeds. 
The flight facil i t ies can satisfy 
200-221 
231-271 
M C D 6 N N m L L  AIRCRA- 
A-24 
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PURPOSE: 
impingement area . To develop methods f o r  predict ion of heat t r a n s f e r  i n  thc engine exhaust 
RE TION IP P T  v C u :  All the  operat ional  vehicles  (with t h e  
z o u n t e d  engines without exhaust def lec t ion)  requi re  
accurate de f in i t i on  of the heat t r a n s f e r  rates an3 thermal protect ion requirements 
i n  the  engine exhaust area. The po ten t i a l  operat ional  vehicles  have been grouped 
according t o  f l i g h t  speed t o  a l l o w  c loser  comparison with nominal. f a c i l i t y  capa- 
b i l i t i es .  Groups are: 
G r o u p  A ( t o  Mach 6); C 1  
Group B ( t o  Nch 12); L1-Ik, C2, W ,  M3 
EXISTING GROUND TEST CAPABILITY: Current propulsion test facilities a t  AEDC, the 
AEDC 16' supersonic and t ransonic  tunnels, and t h e  NAliA/Lmgley high temperature 
s t r u c t u r a l  .t;unnel can satisfy up t o  725 of t h e  r e s e a x h  objective.  The p r inc ipa l  
l imi t a t ion  is that only a partial simulation of the total  environment is possible  
a t  any one the .  
CAPABILlTY PROVIDED BY WEW G R O W  TEST FACILITIES: Poten t i a l  new facilities can 
dupl icate  current  capabi l i ty ,  as shown below, but &.mot contr ibute  any more 
than 5-7s of t h e  u n f i l f l l l e d  research object ive.  -in, the principal Limitation 
is %at? t o  only partla1 simulation of the aemthsmal environment at my one the. 
For objec4ives appl icable  to Group A, GD facilLLies 3, 15, 16 and &@ne facilities 
E8, hy, EL0 each contr ibute  60$ (overlapping capab i l i t y )  , and engine f a c i l i t i e s  
E6 and 
and ~ ~ 1 6  cont r ibu te  40$. 
b i l i t y .  
cont r ibu te  74$. For Group B, GV, *E%, m, E10 each contribute GO$, G D l 5  
provide 74$, o r  the f u l l  range of ground capa- E6 and 
CAPABILITY PROVJDED BY MEW FLIGHT FACILITDS: - The requirement for flight test is 
manifested by the need to  combine the envl.ronmenta1 conditions (Peal gas, tempera- 
ture, flow, radiative environment, and lotal shape) t o  achieve a d e f i n i t i v e  test. 
The hypersonic a i rbrea th ing  cruise facilities a l l  cont r ibu te  t o  s a t i s f a c t i o n  of 
the research objective,  i n  proportion t o  t h e i r  speed/test time capabi l i ty .  
F'LIGHT FACILITY $ CONTRri3UTED TO RlmABKs 
O V E U  OBJECTIVE 
GP A GP B 
REPORT MDC A0013 0 2 OCT03ER 1970 
VOLUME II 0 PART 1 
Res ea rch 
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PURPOSE: To develop e f f i c i e n t  reusable thermal pro tec t ion  systems for cryogenic 
propel lant  tankage; from externa l  rad ia t ive  shingles  through i n t e r n a l  insulation/ 
vapor barrier systems . 
RELATIONSHIP TO OFWWTT-ONAL VEHICLES: 
t o  a l l  operat ional  vehicles,  b u t t h e  impact on the M1 conce?t is r e l a t i v e l y  smsll 
Sa t i s f ac t ion  of the research objective s n 9 l i e s  
Groups, t o  r e f l e c t  matching of vehicle 
q e e d  range as follows: 
operat ional  range with f l i g h t  
s ince 8 storable fuel system i s  employed. The cryogenic vehicles  were divided into 
f a c i l i t y  cicsiqn 
Group A ( t o  
Group B ( t o  
EXISTIUG GROWJD TEST CAPABIUTY: 
the  research object ive through a comnonent anc? scale tank development nrogrqm. 
Typical fac i i i t i es  include the wide co l l ec t ion  of manufacturing and cryogeni c t e s t  
f a c i l i t i e s  within MASA as NASA/Lewis, NASA/MSFC, NASA/KSC and with NASA/Langley. 
ever  none of these can combine the  environmental heat  load aad cryogenic capabi l i ty .  
Exis d n g  f a c i l i t i e s  cnn incrementa ly sstisf'y ">'#. 
How; 
I 
i CAPABILITY PROVIDED BY NEW GROUND TEST FACILITES: Po ten t i a l  new faci l i t ies  wil 1 
f u l f i l l  100% of t h i s  objective.  S1 and S2 (which have an i d e n t i c e l  canabj1it.y for 
, 
t h i s  object ive)  provide 20$: S5 and ~6 contr ibute  40% each (with overlamed c 9 - w -  
b i l i t y  f o r  thermal simulation);  M2 and M3 each x o v i d e  50% of the  to ta l  canabi l i t y  
required (with near ly  common capab i l i t y  for t h i s  obJective).  I& c m  cont r ibc te  ~3 
t o  10% t o  the ove ra l l  t ask .  There i s  no numerical difference i n  canab i l i t y  =LS a .2a l i e i  
t o  the i d e n t i f i e d  speed ranges. 
of their  individual  tasks. 
The described f a c i l i t i e s  f u l f i l l  the object ives  
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: 
satisfy the to ta l  object ive (through f e a s i b i l i t y  demonstration). t o  an  ex ten t  
determined by Ppeed range/severity of the thermal environment. 
A l l  t h e  cryogenic f l i g h t  f a c i l i t i e s  
FLIGHT FACILITY ($ CONTRIBUTED TO REMARKS 
OVERALL OBJECTIVE 
GP A GP B 
SO$ 
TO$ 
loo$ 
_-_ - - -  - -  - 
Storable,  Wmited t o  Mach 4.5 
Mach 6 Design, F l igh t  Environment 
Full Mach 12 Design Environment 
200,201 60% 
204-215 100s 
2 1 5 -252 9 254 9 2 5 5 8 2 57 - 
253,256,282 6041 Storable, ?%cn 12 Environrnent 
lOO$ 
281, 283-285 
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PURPOSE: 
s t r u c t u r e s )  t o  improve confidence i n  ana lys i s  of s t r e s s  l eve l s  sssociated w i t h  com- 
bined mechanical/themal loads aqd the i r  impact on airframe l i fe .  
To develop shel l  theory (as  Etpplied to noncircular fuselage and t a n k  
RELATIONSHIP TO OPERATIONAL VEHICIJ3S: This is a bas i c  technology object ive,  whicn 
relates d i r e c t l y  t o  design concepts appl icable  t o  a l l  the  Dotential  onerat iunsi  
vehicles. 
EXISTING GROUND TEST CAPABIKTY:  Exis t ing ground tes t  f a c i l i t i e s ,  s t a t i c  s t r u c t u r a l  
laborator iec ,  and s t r u c t u r a l  heat ing chambers can adequately satisfy the exoerirnentql 
requiTements associated with t h i s  research objective.  
CAPABILITY PROVIDED BY NEW GROUND TEST F A C I L I T I E S :  The addi t ion  of the noten t i s1  
new faci l i t ies  S1, S2, and S6 w i l l  enhance current  cagab i l i t y  by Droviding lqrge- 
s ca l e  along with improved data acquis t ion capabi l i tLes .  
t o t a l l y  redundant and satisfy loo$ of tes t  requirements 
The c a m b i l i t i e s  are nearly 
CAPABILITY PROVIDED BY NEW FLIGHT F A C I L I T I E S :  
faci l i t ies  contr ibute  t o  t h i s  research object ive by Providing an assessment of 
All hypersonic (Mnch 6-12) f l i G h t  
s t r u c t u r a l  endurance over the aircraft  l i fe t imelduty  cycle 
faci l i t ies  are -205 through -285. 
A p l i c a b l e  f l i g h t  
REk'ORT MDC A0013 2 OCTOBER 1070 
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PURPOSE: To develop e f f i c i e n t  s t ructural / tankage concepts for h p e r s o n i c  R i rc r s f t .  
RELATIONSHIP TO OPERATIONAL VEHICLES: Sa t i s f ac t ion  of t h i s  resemch object ive will 
enable high confidence design of l i ih tweight  s t r u c t u r a l  and tankage conceots fo r  
a l l  t h e  po ten t i a l  hypersonic operational systems 
EXISTING GROUND TEST CAPABILITY: 
r i c a l  determination of loads and thermal emironment) can be s a t i s f i e d  i n  ex i s t ing  
The experimental Dortion of t h i s  object ive (emii- 
f a c i l i t i e s  
tunnel,  heated tunnel  "B" and numerous s t a t i c  load f a c i l i t i e s ;  which, when used 
i n  combination, can provide the required design data. 
Typically representat ive faci l i t ies  include t h e  AEDC 16' smersonic  
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
can also contr ibute  t o  development of e f f i c i e n t  shapes. 
GD7, and cDl5 which each contr ibute  up t o  208 of the t o t a l  capabi l i ty .  
CD4 have overlapping capabi l i ty ,  GDl5 has capabilities redundant t o  GD3 and l;D4 m d  
also t o  the lower Mach l i m i t  of GD7. 
The po ten t i a l  new wind tunnels 
These include CD3, G@, 
GD3 and 
CAPABILITY PROVIDED BY NSW FLIGHT FACILITIES: 
subsonic and low supersonic a l l  body vehic les ,  culminate t h e  test requirements for 
t h i s  objective.  Measured f l i g h t  -?&a w i l l  enable correlatiort  of ground t e s t  results 
with f l i g h t  vehicle performance. 
All hypersonic shaoes, inci.udinp, the 
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PURPOSE: 
a p p l i c a b i l i t y  according t o  f l i gh t  regime. 
Tc develop e f f i c i e n t  reusable leading edge struc tura .1  concepts and define 
RELATIONSHIP TO OPERATIONAL VEHICLES: 
leads t o  the development of e f f i c i e n t  leading edge protect ion f o r  all t he  notentis1 
operational vehicles.  
provide c lose r  co r re l a t ion  with f l i gh t  f a c i l i t y  capabi l i ty .  
The s a t i s f a c t i o n  of t h i s  yesearch object iv? 
The vehicles have been grouped according t o  sPeed range t o  
Croup A ( t o  Mach 6); c1. MI 
GroW B ( t o  Mach 12); L l - ~ ,  C2, M 2 ,  M3 
EXISTING GROUND TEST CAPABILITY: 
temperature AEDC tunnels, "B" and"C", can accomDlish up t o  75% of the desired re- 
Exis t ing ground f a c i l i t i e s ,  t p i f i e d  by the  high 
search objective.  
and real gas (temperatwe) capabil€ty.  
The pr inc ipa l  l imi t ing  f a c t o r  is Reyr,olds number/model s c a l i n k  
CAPABILITY PRGVIDED BY NEW GROUND TEST FACITJTIES: The d d i t i o n  of the D,o ten t i s l  
new f a c i l i t i e s ,  E8, E9, E10, S3, and S5 enables cornpiet.i.oi4 C Q  a l l  the ground t e s t  
objectives.  
of the ove ra l l  objective.  
have redundant capabilities and are floq f a c i l i t i e s  only. 
are picked up i n  t h e  "S" faci l i t ies  which have overledDing therrLd orcgrarnaing 
capability. 
vehicles. 
Each of these f a c i l i t i e s  cl;n ind iv idua l ly  cant?.' Dute 40% t o  s a t i s f a c t i o n  
A s  applied t u  this object ive,  tJ-#= engine tes t  f a c i l i t i e s  
S t ruc tu ra l  object ives  
The ground f a c i l i t y  capab i l i t y  appl ies  equal ly  t o  Group A ac; Grow b 
LAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: Ina ta l la t iora  on t h e  leading edges of 
hypersonic f l i g h t  faci l i t ies  w i l l  allow to ta l  fu l f i l lmen t  of the object ive i n  the 
combined aerothermal/structural  environment. The Mach 6 -rehides do not contributc 
t o  the Mach 12 leading edge development, since one primary goal is matching of the 
leading edge materiallconcept with f?.ight regime. 
FLIGHT FACILITY $ CONTRIBUTED TO 
mERAu 0mmVE 
REMARKS 
200-221 
231-285 
loo$ 
100s 
- Limited t o  Mach 6 Enviroment 
100$ Mach i2 Design 
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RTRPOSE: 
niques for control sur" Aacec . *!a develop tke=pl51 protection Tystems and sealing axd ac tua t ion  tecn- 
€UW'.IONSIIIP 20 OPZRATIONAL VEHICLES: 
enable the use of workable aerodynamic control concepts fo? a l l  the potential oper- 
ational VeMcles a t  mhlmm 1 3 S t a l l d  system weight and p e r .  
Satisfaction of this objective w i l l  - 
EXISTING GiWUKI TEST CAPABILITY: All ground test requirements may be satisfied 
in existing fac i l i t i es  (typj2ied by the high temperature tunnels, AEDC B and 
"Cff, AEX 16' supersonic and NOL hypervelocity tunnels). 
f f  II 
CAPABILITY €%OVID%D BY C d  CWUND TEST FACILITIES: Additional t e s t  fac i l i t i es  
E& w, E10, S2, S3, Sg, M2, :-I3 can be used in Gnjunction with existing 
fac i l i t i es  t o  satisfy the ground test objectives. The engine test tunnels, 
E%1310scan each prcvide 40& of the total capability. 
can be met i t r  S2 and S 5 ;  which each provide and have redundant thermal pro- 
grananing eapability over 32 Land S5,  and can aceompllsh &$ of the research 
objective. 
Structural t e s t  Dbjec-Lives 
CAPABILITY PROVIDED BY WaJ FTZm FA-: 
uated with the aid of all the potential new f l igh t  fac i i i t i es .  These can 
Fl ight  performance can be eval- 
satisfy 1ooq6 of the %sear& objectives, and w i t h  interchtmgable concepts can 
be used for total. dp- 'opment of control system for hypersonic vehicles. 
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PtrtiPOSE: 
application t o  high heat fluxareas,such as hypersonic inlet structures and 
propulsion components. 
To develop long-life, regeneratively cooled structural panels for  
RELATIONSHIP TO OPERATIONAL V E H I W :  
potential application to all the operational systems. 
The satisfaction of t h i s  objective has 
EXISTING GROUND TEST CAPABILITY: 
accomplished i n  coaibinations of existing facilities typified by the NASA/Langley 
The structuralpsnel developlnent can be 
high temperatures tunnel, and several superalloy manufacturing facilit,es i n  
the aerospace industry. 
CAPBBILITY PROVIDED BY NEW CROUHD TBST FACILITJ323: New fac i l i t i es  can also con- 
t r ibu te  to the overall objective as shown below: 
Eg, =o Flow Heating 6% 
Profile Definition 
S l  Static Test 6546 
s3 Fatigue Tes t  6546 
M2 
Dynamic, Acoustic 6546 
Evaluation 
hktlufacturing, 2096 
Inspection 
M4 Brazing 2oqb 
Redundant Capabilities 
Programed Thermal & 
Structural Load 
Cryogenic Flow Capa- 
b i l i t y  
Acoustic 
Some Redmhcy  With 
SI, s3 
Mechanical Properties 
Evaluation 
Vacuum Furnace 
W m m  PROVXIBD BY 14Ew FIZGIE FACIUYIES: The f l igh t  facilities which 
employ convertible S m  cfui8e system >ll provide feasibi l i ty  demon- 
strations for the structural  concepts, and through the use of intarchangable 
cooling panels offer  potential. t o  t o t a l l y  satisfy the research obJectives. 
Applicable vehicles are a l l  Mach 12 designs: 
271, 280, 283, 
231, 232, 235, 254, 255, 257-259, 
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-E: 
m r i s t i c s  of hunch vehicles. 
To determine the effects of separatiori force8 on the structuretl dynamic 
RELATlDNSEEP TO OFsRATIop$AL VElUZLES: The potential operational vehicles, L1-~4, 
Careful analysis o f  separation mechanics and definition of relative motion 
of' each stage to provide a reliable systenr. 
EXISTING TEST WABILm: Approximately 80$ of the research objectives can 
be satisfled existing w i n d  %tamel faCilities, supplemented by the Holloman 
C B P f W L r r Y  PFOVIDED IIY NEW G m  m T  FACILITIES: Our extmsion to the Bollaman 
AEB sled track (OD13) to  reach Mach 7 and the use of CD7 w i l l  enable completion of 
the ground W s t  obJectivee. 
to overall. obJectives with only a slight degree of overkp. They cover nearly the 
entire Mach range. I#w speed definitlm a r a ~ r  be picked up i n  existing tunnels for 
the specfflc shapes involved. 
These facilities contributo 50$ and 6O$, respectively, 
CAPABlLlTY i?WVEED BY PlWJ F%lDB?P F'KJ!IES: 
bo not contribute t o  the satisfaction of this objective. 
220, 221, 280-283,- staged off conventional vertical hunch boostere L e .  m r ,  
A t b s  
"'he potentla1 new flight facilities 
The noted staged concepts, 
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Objective 38 
PURPOSE: 
ratio hypersonic aircraft with large volume tankage. 
To determine i n e r t i a l  and dynainic effects of fuel slosh i n  low aspect 
RELATIOHSHIP TO OFERBTIONAL m: This research objective is applicable to all 
the operational vehlclee, except Ml. which is a relatively small volume JP  
fueled aircraft. 
MISTING GROUIBD TEST CBpILslLJTY: 
jectives at the mechanical excitation rates required. 
No existing faci l i t ies  can satisfy the test  ob- 
CAPABZQ'Y PROVIDED BY HEW GROUND TEST FACILITIES: 
new faci l i ty  56 w i l l  contribute toward satisfaction of 8C$ of this research object- 
The construction of the potential 
ive.  
shulat ion of an identical operational environment. 
The principal limitation foreseen a t  t h i s  t i m e  is  adequate de f in i t i on  and 
CApABILlTy PROVIDED BY NEW F.LDGE!I! FBCILITES: A l l  the cryogenically fueled (LH2) 
bypersonic flight facilities have h r ~  enough tankage t o  satisfy 90$ of the re- 
search ob,jectives - with the exception of the wianned staged vehicles which are 
deficient i n  slmdated aperational fl ight profile as w e l l  as tank size. 
vehicles are 205-215 ( to  Mach 6), 231-271 ( to  Ikch 12) and 284, 285 (unmanned to 
Mach l2). 
Applicable 
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Objective 39 
PURPOSE: 
meld noise on miaimurn gauge structwes, composites, and non-metallic s t ruct-  
ures 0 
To determine corr@htion parermeters descriptive of the effects of near 
RELATIONSHn To OP-IONAL m m :  
enables high confidence deeign of mlnirmrm weight structural components for all 
potential operational vehicles. 
!h@ satisfaction of this research objective 
EXISTING GROUND TEST WABILl!lT: 
existing ground facil i t ies,  typified by the acoustic facilities at NASA/lBE and 
This research objective can be satisfied in 
Wyle Labomtorlee. 
CAPABSLJTY PROVIDED BY 14&I GROUM) TEST FACILITIES: 
facilities 54 and S5 can also accommodtlte the test requirement 
est-ted at 70$ and S5 at -lOC$. S5 also provides a t h e m 1  programing capability 
t o  simulate the flight environment. 
The potential new ground test 
s4 capability is 
CAPABILEE PROVIDED BY NEW FL#;EpT FACIIJTIES: 
offer no contribution t o  the satisfaction of t h b  objective but worn employ the 
results. 
"he potential new Pl igh t  facil i t ies 
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Ob$xtive 40 
-E: 
a-iX structural concepts. 
To develop non-destructive testing and inepeetion procedures for complex 
I REUWIORSHIP - TO OpERATfoNaL VEXELES: 
forced composite structures, diffusion bondedmaterials,and coatings on all the 
potential operational vehicles necessitates eatisfaction of this research objective. 
The use of sandwich structural panels, rein- 
EXISTING G l ? m  m T  CAPABILrpII: 
ing materials development laboratories and structural test facilities throughout 
A l l  test requirements can be satisfied in exist- 
the aerospace industqr, as well as at major structural research centers such as 
psAsA/L9ngLt?y. 
CAPABILICPII PROVIDED BY NEW GFIOUHD !CFST FACILITIES: 
facilities, IQ aadM4, can each contribute 6U% and 7*, respectivel:., to the overall 
The potential new ground test 
objective, resulthg in satisfaction of a l l  the ground test requi%nts. 
CAp4BIL3cTy PlQOVlDED BY HEW FLllGBpT FAk”IZl!l!IES: 
to 8atiefaetion sf this reseamh objective but will earploy the results. 
Flight facilities cannot contribute - 
REPORT MDC A0013 @ 2 OCTOBER 1970 
VOLUMETI 0 PART 1 
Research 
ObJective 41 
PURPOSE: 
mass fractions. 
To develor, techniques for accurate estimation of component and structural 
REUTIONSHIP To Op%RATIoNBL VETIELES: 
vide greater capability i n  parametric design and ~tzaling of flight vehicles, and 
The satisfaction of th i s  objective w i l l  pro- 
as such, is applicable to a l l  operational vehicles. 
EXISTING GRouf4D TEST CAPABILl!LT: 
ive . Ground testing is  not appropriate for this obdeet- 
CAPABILJTY PROVIDH) BY NEbJ GRO'JEJD TEST FACILITIES: 
riate for this objective. 
Ground test- is not approp- 
CApABXLI!FY PROVIDQ) BY NIW l?LIGEC FACIUI'IES: 
for this obJective. 
Flight testing is not appropriate 
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Ob jective 42 
PURPOC3E: 
component testing. 
To verify structural and thermo structural integrity through full-scale 
REEBtllIONSHIP TO OPERATIONAL VEHBCLES: 
potential operational vehicles and w i l l  result in maximum confidence leve l  dt-velop- 
ment of the noted Fl ight  systems. 
Thie ok. .Give I s  applicable t o  a l l  the 
MISTING GFtOUND TEST CapABILLTy: 
Flight ~ynamics Zaboratory, 
-sting fac i l i t i es  typified by those at the AI? 
LemgLey, and NASA/Flight *search Center w i l l  
contribute -to 6 6  of the overall reeearch obdective. 
incremental testing requiring movement between f a c i l i t i e s  which precludes the  capa- 
b i l i t y  t o  superimpose test environments. 
The limiting factors are 
CAPABlLIlY PFIOVIDED BY NEW GRwlqQ TEST FACILI!CIES: Additional capability provided 
by the 52 fac i l i ty  will accomplish &11 the research objectives. 
new facilities which offer incremental contribution art? SI, 80s; S3, 80s ; S5, 20s; 
Other potential 
ma ss2, 
CAPABILITY PROVIDED BY NEW F'LIGHT FACILITIES: 
t o  sa t i s fac t ion  of this objective except as demonstrator vehicles. 
Flight facilities do not contribute 
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Objective 43 
PURPOSI~: 
structure. 
To develop reusable thermal protection systems f o r  nrotection of ximary 
RELATICNSHIP TO OPERATIONAL VEHICLES: Development of these systems offers s ign i f i -  
cant weight reductions for  a l l  the potential operational vehicles. For cornmrison 
with the f l i gh t  f a c i l i t y  capabilities, operational vehicles have been divided in to  
two groups: 
$:roup A ( t o  Mach 6);  C1, M1 
Group B ( t o  Mach 12); Ll-Lk,  C2, M2, M3 
M I S T I N G  GROUND TEST CAPABILITY: 
of t h i s  objective. 
and Langley. 
turaJ. and thermal load programing while serviced with l iquid hydrogen. 
Existing f a c i l i t i e s  can satisfy qqroximately 75% 
These are characterized by NASA f a c i l i t i e s  at MSFC, KSC, Lewis, 
The principal limitation is i n  capability t o  perform integral  struc- 
CAPABILITY PROVIDED BY NEW GROUND TEST F A C I L I T I E S :  
vided by the use of the S1 and S2 (20%), S5 and S 6  (40%) st ructural  f a c i l i t i e s ;  
M2 and M3 (50$), M4 (lo$) materials development f a c i l i t i e s  will enable t o t a l  satis- 
faction of the research objective. 
S5, ~ 6 ,  M2, and M3 overlap i n  the thermal programming capability. 
The additional capability i s  pro- 
S1 and S2 are redundant fo r  this  objective; 
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES:  
contribute t o  the satisfaction of this obdective. The noted differences i n  cam-  
All the hpersonic f l ight f a c i l i t i e s  
b i l i t y  ref lect  the matching of f a c i l i t y  t e s t  t i n e  and maximum temperature envelope 
with operational vehicle requirement . 
FLIGHT FACILITY $ CONTRIBUTED TO m w s  
OVERALL OBJECTIVE 
200-221 
231-285 
799 WC’I 6 Maximum Design 
100% 100% Fui ‘_ Thermal Environmen+, 
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PURPOSE: To define t h e  mechanical and physical ProrJerties of advanced m:iteriRls. 
RELATIONSHIP TO OPERATIONAL VEHICLES: 
mater ia ls ,  high temperature titaniums, superalloys,  and r e f r a c t o r i e s  -:n the  design 
The u t i l i z a t i o n  of metal matrix composite 
of a l l  t h e  po ten t i a l  operational systems requires  complete d e f i n i t i o n  of t h e  x o 3 e r -  
t ies of these materials. 
EXISTXJG - - GROUND TEST C.-PABIUTY: 
the industry can contr ibute  loo$ t o  fu l f i l lment  of t h i s  objective.  
Exis t ing f a c i l i t i e s  t y p i f i e d  by many throughout 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
laboratories, M2 andM3, have a n  additive capab i l i t y  of Bo$ and 20$, respec t ive ly ,  t o  
t o t a l l y  satism t h i s  research objective.  
capabi l i ty .  
The potential .  new materials  
M3 adds a mechanical load orogramming 
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: 
t o  s a t i s f a c t i < n  of t h i s  objective.  
F l igh t  f a c i l i t i e s  w i l l  not contr ib2te  
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PURPOSE:: To improve manufacturing and fabrication techniques for corn*>lex striicti-r:! 1 
concepts 
RELATIONSIISP TO OPERATIONAL VEHICUS: 'The use of welding, d i f fus ion  bonding, high 
tern3erature brazing, and composite material forming techniques f o r  all the  7otenti 91. 
operat ional  vehicles  requires s a t i s f a c t i o n  of t h i s  objective.  
EXISTING GROUPJD TEST CAPABILITY: 
ment facilities throughout the industry, at Wright Field, and w i t h i n  NASA can 
accamplish t h i s  objective.  
Exis t ing f ab r i ca t ion  and manufacturing develop- 
CAP4BILITY PROVTDED Bi NEW GRCIUND TEST FACILITIEZ: 
j a c i l i t i e s ,  complete capab i l i t y  is a l s o  offered by M4, which incornorates a 3nC°F 
I n  sdd i t i c?  to e x i s t i n g  
(149OC) vacumi f i rnace.  
CAPABILITY PROVIDED BY NEW FLIGHT FACIUTIES: 
t o  the s a t i s f a c t i o n  of t h j s  research objective.  
Flight f a c i l i t i e s  do not contr ibute  
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0b.j ec ti vc 4 6 
PURPOSE: Tc develop high temperatiire components f o r  hypersonic a i r c r a f t .  
RELATIONLdIP TO OPERATIONAL VEHICLES: -- 
bearings, lubr icants ,  closure seals,, t i res ,  windshields, and radomes i s  m u t u a l l y  
applicable ti0 a l l  the potentie!, qperat-.ional vehices. 
groups t o  co r re l a t e  speed range w i t h  f a c i l i t y  capabi l i ty .  
T k  requirement t o  DroviZe high t e m e r s t u r e  
These have been divicl?d in"m 
The groups m e :  
Sroup A 
Croup B 
EXISTING GROUND TEST CAPABTLI?Y: 
load f a c i l i t i e s  a t  t h e  AF Fl ight  
100% of the research objectives.  
(to Mach 6 ) ;  C1, Ml 
( t o  Mach 2); Ll-Lh, C2, I@, M3 
Exist ing f a c i l i t i e s ,  wch as t h e  high ternw*Ature 
D y n a n i i c s  Laboretory ancL NASAILangley , can salisfy 
CAPABILITY PROVIDED BY NEW GROUND TEST F A C I L I T I E S :  
f a c i l i t i e s ,  t he  po ten t i a l  new r ra te r ia l t  t es t  labora tor ies  can Drobide z Recsrly ad- 
d i t i v e  contriblition of 50s for luQ, 55 for M3, and 45$ f o r  M4. 
t h e i r  thermal programming capab i l i t i e s .  
contribute t o  landing gear development and &her dyramic tests t o  about 5% of t h e  
+.otal test requirement 
I n  addi t lon  t o  ex i s t ing  
!* .nd M2 overlsn 
The drop tes t  f a c i l i t y ,  SS2, cat: also 
CAPABILITY P3OVIDED BY NEW FLIGHT FACIZZI'IES: 
can contr ibute  according t o  t h e i r  m a x i m u m  exposure t o  the  high Mach number therms1 
environment. 
A l l  the hypersonic f l i g h t  f a c i l i t i e s  
I n s t a l l e d  systems as w e l l  as "fly-along" concepts are avprorwiate. 
F U  GHT FA?I ESTY '$ CONTRIBUTED TO 
OVERALL OBJECTIVE 
REMARKS 
GP A GI? B - 
200-221 
231-285 
70s Mach 6 Design L i m i t  
lOG$ 1 0 6  Complete Thermal Environment 
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Objective k; 
PURPOGE: 
opemtioa over a wide flight regime. 
'I!Q develop bypersonic airbreathing inlet systems capable of efficient 
RELA!rIOIQSHIi? To oPERAT1m ln3luc LE5: 
all opzational vehicles except L3 which is entirely rock€$-powered. 
operational vehicles were broken into three p u p s  to prmide a closer correhtion 
with facility capabilzties. 
Satisfaction of this objective applies to 
The 
G r o u p  A ( b h  4.5) Ml 
G r o u p  B (Mach 6) Ll, C1 
G r o u p  C (hch k2) E?, Jk, C2, W, M3 
WISTIZ$G 0Rf)UHO TIST CAPABILITY: 
and AEDC tunneis contribute I%$, 7C$ aad 60$ for Groups A, B, and C, respectively. 
Prhcipal lbdtatlons are 3eynold.s number cehpabillty and sustained k r h  number. 
IBdst- facilities characterized by the WA/AMES 
G N A B m  PBOVIDED BY IVIW GROIJHD TIST BklC12ITIJS: 
W'$ over existing capability, is pmviW by the addition of GD3 and GD7. 
numerical difference between groups I s  d m  t o  the relative percentae of tes%ing 
applicable to that Mach range. 
Sane tmprovement, nominally 
The 
C A F A B I L ~  PFWDBD By Mild l"GJl!F FMIUPIES: 
cmis@ capability can contdbute a8 shown belaw. 
were the fixed inlet (majet) installations because they could only contribute flow 
field data rather than variable point operation, recovery, etc. 
differesncs between gmaps reflects degree of applicability to the Mach number ran&,. 
AI1 flight facilities with hypersonic 
m e t  vehicles were downgraded as 
The numerical 
GP A GP B GP C 
200,201 95% N/A TufbomJet Operation to Mach 4.5 
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Objective 55 
i'uRpoS: To investigat..c methods t o  reduce engine noise d u r i v  takeoff and lmding .  
REIATIONSHIP 'iy) OPERATIONAL VEHICLBS: 
applicable t o  the commercial operational vehicles, C l  and C2, which have a 
This research objective i s  q r t i c u l a r l y  
potentially hlgh f l igh t  frequency. 
EXISTINS GROUND TEST CAPABILITY: 
Edwards AFB and W,/Iangley will elaable satisfaction of static noise reduction 
for the turbine modes, amounting t o  approximately 50s satisfaction of the overall 
objective . 
Existing ground test fac i l i t i es  such as  those at 
CAF'ABIfSTY pRovnlEB BY NEW GFKXJIUD TJBT FACILITIES: 
gas dynamic and engine facilities GD3; , ;a& will enable exploration 
The addition of the laser meed 
of techniques for noise reduction in a simulated aerodynamic envirunment. 
contributioa of each of these is estimated at 305 w i t h  some overlar, i n  Reynolds 
number capability. 
The 
CAPABILITY PKNlDED BY NEW FUGEEI? FACIUTZES: 
horizontal take-off f l igh t  f ac i l i t i e s  generally contribute 95$ t o  satisfaction 
of the overall objective. 
operational characteristics of the C1 and C2 vehicles. 
The airbreathing accelerator 
The remaining 59s depends upon sgecific design and 
Aqplicable flight fac i l i t i es  
tbm 200, 201, 205, 206, 210-212, 231, 257. 
. 
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XEEYlSE: 
a t  transonic and low supersonic fl ight soeeds. 
To study ramjet combustion problems vhen o?erated for thrust augmentation 
RELWIONSKIP TO OpEIuTIBNAt VHIICIES: 
tate definiticn of the canability of indiddual o-rating modes of comnosite engines, 
as installed i n  the potential operational concepts, U. C1, Ml.  
Satisfaction of this objective w i l l  f sc i l i  - 
EXISTINS GROUND TZST CAPABILITY: Existing facilities, tycified by that at t h e  
@rdnance Aerophysics hboratory, can ss t i s fy  80$ of tbe overall obJective. The 
nrincipal l i m i t a t i a n  is model scale. 
CAPABILITY PROVIDED BY NEW GROUND TEST FMXUTIES: TPle addition 
E7, E3 t o  current facilities will increase overall canability t c  
&'either GN, E6, or n). 
enthalpy) 
GD? contributes 30% (limited by flw 
uhile E8 cont r ih tes  80% (limited in size). 
of "103, Ga, E6. 
93j6 (sttqinsble 
cambil i ty  +nd 
vehicles with CAPABILITY FTtOVIDEI) BY loEw FLIGHT FACILXPIES: 
variable operational capability can contribute full-scale sitrlcriation snd w i l l  
All mjeC, flight 
satisfy 95s of the research objective. 
o?erational veNcle detailed design. 
The remaining :Bortion is a function of the 
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Objective 57 
PURPOSE: To develop and demonstrate large-scale turboramjet systems. 
REMTIONSHIP TO OPERATIONAL VEHICLES: 
design and development of all the turboramjet D o w e r e d  operational vehicles, L1. L2, 
C1, MI.. These w e r e  grou~ed t o  shw f a c i l i t y  applicetion on the basis of s3eed 
range 
Satisfaction of t h i s  objective enables 
Group A (Mach 4.5) Ml 
Sroup B kMach 4 )  Ll, I2, C 1  
EXISTING GROUND TEST CAP.ABII3TY: 
and 409 for Croup B, based on the relative Mach number matching. 
tations are inabi l i ty  t o  cover the en t i re  f l ight mnge a d  model size. 
f a c i l i t i e s  are the engine test calls a t  AECC and OAL. 
Existing c i m b i l i t i e s  amount t o  605 for  Grow A 
Princioal limi- 
Typical 
CAPAZIILITY PROVIDED BY NEW GROUND TEST FACTLITIES: 
and E8 to  existing f a c i l i t i e s  c m  increase overall capability by nearly 5046. 
gzs dynamic facility offers higher ReynolCs number while ~ 6 7  
Reynolds number and enthal;?y. 
developwent f o r  the engines. 
The a - .  ttion of GD 3, E6. 
Tne 
and Ed offer higher 
Structural and flow f a c i l i t i e s  contribute t o  rsomnonent 
CP A CP B 
Q)3 405 3* Flaw Field Definition, b w  Temp A i r  
136 7* 605 Direct Connee> Heated 
E7 90$ 80$ Free Jet Heat& Flaw. 
EA N. A 2046 Mach 6 m e r  L i m i t  
S%s S5, S9p 0 N/A lo$ Comoonent Deveiopment 
54 w 10s component Development 
SS1 10% N/A Qourponent Develoment 
Attack 
Flow 
Varieble Angle of' 
Only 
iinly 
Only 
CWABILITY ?R9VIDED BY lEW FLIGHT FACILITIES: 
contribute t o  the satisfaction of this objective by performance throughout the ent i re  
All the  turboramjet f l i gh t  f a c i i i t i e s  
f l igh t  envelope. 
selected for Mach 6. 
The Mach 4.5 engines are JF fueled, however , while LH2 has been 
FUGHT FACILITY $ CONTRZBUTED To 
m u  ~ C T I V E :  
GP A GP B 
JP Fueled 
LhE2 Fueled 
200, 201 955 IB/;2 
204-2a6, 210, 211 N/A 95$ 
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specific mission requirements and engine 
Research 
Objective 5 b  
engine mode selection as a function of 
operating characteristics. 
RELATIONSHIC? To OPERATIONAL VEHICLES: Satisfaction of t h i s  objective urovides 
valuable configuration and propulsion system design and mission nlanning data fo r  
all the potential operational vehicles. 
EXISTING GROUND TEST CAPABILfTY: The experimental tasks for this objective crin be 
performed i n  exis3iz-g f a c i l i t i e s  t o  an extent comparable t o  satisfying ~$ o f  t h e  
overall research objective. 
test c e l l s  slow w i t h  those a t  OAL and NASA/AMES. 
test section size and model scale. 
Typical f a c i l i t i e s  are -' AEDC wind tunnels and engine 
Liuiting factors are generally 
CAPABILITY PROVIDQ: BY IGW GROUND TEST FACILITIES: 
contribute portions totalling 9Oj6 of the overall experimental requirements. 
f a c i l i t y  capabili t ies are additive based on Mach number and Reynolds number range. 
The ?otentisl  new f a c i l i t i e s  can 
The 
GD2, 4, 12, and 16 each contribute 10% of the required performance while GD3, 
7, 13, 15, and ~6-10 each provide 30% of the t o t a l  capability. 
number f a c i l i t i e s  are limited in terms of rm t i m e  and overall model size. A con- 
siderable portion of the overall task i s  analytical. 
The higher Mach 
- CAPABILITY PROVIDED BY REW FLIGHT FACILITIES: 
incorporate composite engine cycles can coniribute fixed design noint o?erationak 
data. 
Those i.iT0 f l i gh t  facilities which 
Faci l i ty  capabili t ies are proportional t o  Mach number l i m i t s .  
FLIGHT FACILITIES $ COllTFtIBUTED TO REXkRKS 
OVERALL OBJECEVE 
2oc,201 
254, 255, 257, 271 
21C-214 
Mach 4.5 TRJ 
Mach 6 Design Cruise 
30$ 
509 w Mech 12 Cruise 
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PURPOSE: To develop and demonstrate large-scale convertible Scramjet engine system. 
RELaTIONSHIP TO OPERATIONAL VEHICIES: The L2 operational vehicle, which employs the 
convertible Scramjet concept, requires component development and integration of that 
system i n t o  a t t rac t ive  vehicle design in order t c  develoD the overall  f l i g h t  system. 
EXISTING GROUND TEST CAPABILITY: 
required research. 
AEDC, and t h e  high temperature tunnels a t  AEDC, OAL, and NOL. 
primarily t o t a l  mass flow and enthalpy capabili ty along w i t h  test section s i z e .  
Current capabili ty can only achieve 20% of t i i z  
Typical f a c i l i t i e s  are the  supersonic tunnels at NASA/AMES arid 
Limitations are 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILIT'ISS: 
t r i p l ed  by the additional Reynolds number, Mach number, and enthalpy capabili ty ob- 
tainable from the new facilities ident i f ied below. Some overlap is  evident. on the 
basis of flow eavironment,but differences in accommodated model size c f fe r  s ign i f i -  
cant benefit.  
The current caoabili ty is n e w l y  
FACILIW 9- 
o B J E m  SATISFIED 
REMARKS 
m3 
GD7 
E7 
E6 
E9 
E10 
4094 Limited t o  Mach 5,  Cold Flow 
Limited Run %me,  Cold Flow 
Free Jet t o  Mach 5, Limited Model Size 
Mach 6-Z, Limited Run Time 
Includes Structural  Qual b p m i l i t y  
Combustion Tes t s  
3* 
394 w 
704$ 
50s 
CAPABILITY FROVIDED - BY NEW FUGE!I! FACILITIES: 
convertible Scramjet systems can contribute to the sat isfact ion of this objective t o  
an extent dependent upon the flight profile. 
of the corwertlble portion for the lawer Mach numbers. 
The fligbt facilities which incor9orate 
Rocket acceleration grecludes the design 
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Objective 61 
PURPOSE: 
systems . To develop and demonstrate large-scale SCRAMJET powered hypersonic 
RELATIOWSHIP To OPERATIONAL VEHICLES: The operational vehicles employing 
S C M m  propulsion concepts require design and development of the engine 
systea znd i ts  control, cooling, and burner components to  a l l o w  effective in-  
corporation into operational vehicle design. A.;pJ.f.cable operational vehicles 
are Lk, C2, M2, M3. 
EXISTING GROUND TEST CAPABILITY: Approximteiy 20$ of the research obJective 
is attainable i n  existing ground f a c i l i t i e s .  
typified by the supersonic tunnels a t  AEDC and NASA/AMES f o r  flow-field 
definition; and hi@ tempererture/combustion flow a t  QAL i n  the supersonic re- 
g i m e  a 
Representative capability is 
CAPABILITY PROVIDED BY REW GROUND TEST FACILSTIES: 
tripled by -1 menting the engine test f a c i l i t i e s  E8, Eg, and E10 i n  con- 
junction with flow definition from GD7. 
the basis of flow environment with pract ical  limitations noted below fo r  each. 
Current capability can be 
The f a c i l i t y  capabili t ies overlap on 
$0- 
FACILITY OBJECTIVE S'TISFIED REplIARKs 
E8 
E9 
E10 
5046 
Limited Run Time, Cold 
Flow 
Mach 6-12, Limited R u n  
Time 
Includes Qualificaticn 
Capability 
Can Accommodate Combustion 
Tests 
CAl?mILITy PROVIDED BY MEW FUGIPT FACIUTIES: The SCRAMJEX f l ight  vehicles con- 
tr ibute 
o p e r a t i o 2  vehicles. Applicable vehicles are 231, 257 (TJ/CSJ), 232, 254, 255, 
271, 280 (ROCKEZ/CSJ) These have Mach $2 cruise capability but the  SCRAMEX 
does not correspond t o  a point design fo r  that Mach Nunber. 
toward satisfaction of the research objective as applied t o  the 
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Objective 62 
PURPOSE: 
extensive f l i gh t  envelope . To demonstrate IIZK) w i t h  a rocket, aqd operation throughout an 
RELATIONSHIP TO OPERATIONAL VEHICLES: 
provide high confidence point design and development for operational vehicles 
employing l iquid rocket prilpulsiorr. 
L4, M2, M3. 
This objective must be satisfied t o  
Applicable operational vehicles are L3, 
EXISTING GROKHD TEST CAPABILITY: 
this objective . Ground test f a c i l i t i e s  are not applicable t o  
cAp_aP,TILTTy PROVIDED 3Y NEW GROUND TEST FACILITIES: Ground tes t  facil i t ies 
are not applicable t o  t h i s  objective. 
CAPABILITY PROVIDED BY lqEw FLIGHT FACILITIES: 
take-off f a c i l i t i e s  contribute 95% t o  the t o t a l  sat isfact ion of t h i s  objective 
as applied to the noted operational vehicles. 
exact corifigtu'ation and control response data of the operational vehicle point 
designs. 
250-256 (Pach I2 capability) . 
All rocket accelerated horizontal 
The remain3c.g portior: requires 
Applicable f l i gh t  f a c i l i t i e s  are 213, 214 (Mach 6 capabili ty),  and 
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PURPOSE: 
hypersonic vehicles. 
To evaluate the sui tabi l i ty  of auxiliary turbojets f o r  landing 
RELATICNSHIP TO OPERATIONAL VEHICLES: 
M3, require development of this techniaue before it can become an operational. 
reality and an acceptable design alternative to unpowered landings. 
Four operational vehicles L3 , L 4 ,  M2, and 
EXISTING GROUND TEST CAPABILITY: 
engine development (current capabilities adequate) and flow r’ eX,’.:tability 
studies during transition, 
The ground t e s t  f ac i l i t i e s  coc:r74bute only t o  
!Fhis accounts for 10% of the to t a l  research objective. 
CAPABILSTY -QOVIDED BY NEW GROUND TEST FACIUTIES: The potential new grovnd t e s t  
fac i l i t i es ,  GD2 and E7,also contribute about 10% t o  t o t a l  satisfaction okF the 
overall objective, which is the f u l l  extent of ground t e s t  requirement, 
CAPABILITY PROVIDED BY NEW FUGEIT FACIUTIES: 
NASA/M%S and NASA/FUght Research Center to  perform flight t e s t  for t r a n s i t i o n  
phases but no vehicle existe. 
Current capabilities exist  a t  
None of the potential. f l ight fac i l i t i es  are applicable. 
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PURPOSE: 
configurations t o  maximize ne t  thrust. 
To provide improved nozzle performance and integrated airframe/nozzle 
 LAT TI ON SHIP TO OPERATIONAL VFXICLES: 
benefit f'rom the satisfaction of th i s  objective by potentially lower base drag and 
higher propulsion cycle efficiency. The appU cable operational vehicles have been 
divided in to  two groups t o  match vehicle speed range with f a c i l i t y  captibility. 
A l l  of the airbreathing operational vehicles 
Group A (Mach 4.5-7); Id, Cf, M 1  
Group B ( t o  Mach 12); L2, &,C2, M2, M3 
EXISTING GROUND TEST CAPABIIJTY: 
tunnels-B", "C" and "F", <ne NASA/AMES hypersonic tunnel, and the Cornel1 f a c i l i t i e s ,  
can accommodate 20s of the resecrch objectfves f o r  Group B and SO$ for Group A. 
Principal l i m i t s  are t e s t  section size, Reynolds number/mcdel scaling l i m i t s  
equivalent f l o w  enthalpy. 
Existing ground f ac i l i t i e s ,  typified by the AEDC 
and 
CAPABIIJTY PROVIDED BY NEW GROUND TEST FACILITIES: 
the engine test  ce l l s  can provide a 50% increase i n  current capability. 
capabili t ies overlap from the standpoink of Mach number and flow range as noted. 
The addition of r;D7 along w i t h  
The noted 
FACILITY $ cmRAIJL REMARKS 
OBJECTIVE SATISFIED 
GP A GP B Limited Run Time 
GV 005 704& To Mach 13, Cold Flow 
Direct Connect t o  Mach 5 Xozzle Only 
Free Jet t o  Mach 5 
Small-Scale, Mach 6 t o  12 
Engine Operational/Qualifics t ion Runs 
Direct Connect Combustion Testing 
.26 409 N/A 
E7 5oe N/A 
E8 309 50s 
509 E9 N/A 
E l 0  N/A 50$ 
-. CAPABILITY PROVIDED BY NEW FLIGHT FACIUTIES:  
f a c i l i t i e s  contribute t o  the satisfaction of t h i s  objective. 
do not contribute t o  Group B objectives and vice versa because of the uniquene 
downgraded becauee of' fixed point operation. 
All airbreathing cruise f l tght 
Mach 6 flight fac5 : I t i c s  
f 
the engine designs: i.e. >, ~6 *CsJ';SM6aTRJ or RJ. The RT pawered vehicles e? 
FLIGHT FACILITY 9 CONTRIBUTED TO RENARKS 
OVERAU ommm 
GP A GP B 
200,201 80s N/A Taboramjet t o  Mach 4.5 
205, 206, 210-211 95$ M/A !Curboramjet t o  Mach 6 
2x2 955 !?/A TJ/M t o  Mach 6 
207, 213, 220, 221 509 N/A Rocket/RJ Mach 6 Design 
954 TJ'CSJ t o  Mach 12 
95$ Rocket/CSJ t o  Mach 12 
23lI 257 N/A 
232, 254, 2559 271, 280 M/A 
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PURPOSE : 
recovery, wide Mach range in le t s .  
To detemine englne/inlet compatibility c r i t e r i a  of high :iota1 pressure 
RELATIONSHIP TO OPERATIONAL VEHICLES: 
provides design data for  a l l  the airbreathing operational vehicles. 
sa t i s fac t ion  of t h i s  research objective 
These have 
benn ,P;rouped according t o  speed c lass  t o  provide a closer  correlat ion with f a c i l i t y  
capabi l i t ies ,  The groups are  : 
Group A (,Mach 4.5); M l  
Group B (*Mach 6); Ll, Cl 
Group C ( to  Mach 12); E, a, C2, 142, M3 
- EXISTING GROUND TEST ClSABILITY: 
?CjKjO%, and 2046 of tLe research objectives for  Groups A,  B, aid C, respectively,  
Typical f a c i l i t i e s  are  the AEDC supersonic and heated tunnels,  the NASA/AMES 
supersonic, hypersonic tunnels, ais1 NOL hypervelocity t u n x l s .  Limiting factors  are 
test  section, model size,  flow temperature, and run tjsie for the  hypersonic -tunnels. 
Current f a c i l i t i e s  have a capahi l i ty  t o  meet 
CAPABILITY PROVIDED BY NEW G R O W  TEST FACILITIES: Current capabi l i t ies  can be 
increased t o  allow 90% accomplishment of the overall objectlve. 
by the partially additive contribution of the gas dynamic and engine test f a c i l i t i e s  
which can contribute on an individual bas i s  as noted. 
This is realized 
FACILITY $ OVERALL 0EhmcTIVE REMARKS 
SATISFIED 
GP A GP B GP C 
Colt Flow, Limited t o  Mach 5 
Cold Flow, ' r i t ad  Model Size,  Run Tine 
Direct Con.. --.  t o  Mach 5 
IVIach 6-12; Small-scale 
No Fxternal Flow 
Direct Connect Small-Scale 
CrD3 70s 5054 N / A  
30% N/A 
60% N/A 
GD1 N/A 
E6 7074 
E8 N / A  20$ 60% 
70$ E9 N/ A N I A  
E10 N!A NfA 505 
E7 9oQ &5$ 30$ Free Jet  t o  Nach 5 
CAPABILJTY PROVIDED BY NEW FLIGHT FACILITIES: 
with airbreathing acceleration cn.pability contribute t o  sat isfact ion of t h e  
research objective. 
and speed group Matching. 
A l l  hypersonic f l i g h t  f a c i l i t i e s  
The re la t ive  capabili ty is  a . k c t i o n  of test  Mach Num3er 
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aject ive  67 cont. 
200, 201 
204-206 
201, 213 
210, 211 
212 
220, 221 
TRJ t o  Mch 4.5 
Rocket/RJ Q Mach 6 
!I!RJ t o  Mach 6 
TJ/W MWAI 6 Design 
Staged to k c h  6 RJ 
TJ/CST, %ch 12 W s e  
Roclret/CSJ, Mach 12 Cruise 
Staged/CSJ, Mach 12 Cruise 
T R J ~ O ~ C ~ ~  
PURPOSE: To 
storage, and 
REIATIC~HIP 
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Cb. j tc t ivc  68 
develop operational systems and procedures for thermal conditioning, 
safe handling of cryogenic propellants. 
TO OPERATI@W VEHICTXS: Satisfaction of this  objective directly 
impacts the development of a l l  the cryogenically fueled operational vehicles;- u-u, Cl, =, @, M3. 
EXISTING OURD TEST CBPABIUTY: Tihe capability exists to totally satisfy this 
~ i n i l i t i e s ,  typified by the cryogenic storage and 
flow fac i l i t lee  at NASA/sFc, BASA/kwis, IpAsA/KSC, and at the HASA/AEC Nevada 
test site. 
CAPABILITY PROVIDED BY NEW GiiOUND TEST FACILITIES: 
F3, F4, and F5, can also fully contribute t o  the satisfacticn of t h i s  objective. 
The potential new fac i l i t i e s ,  
CAPBBIWlY PROVIDED BY lQBw PZIGRl! FACILITIES: 
apply to the satisfaction of this objective. 
FU@t test facilities do not 
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Objective 63 
-- RRPOSE: 
f o r  cryogenic f luids  i n  sloshing horizontal tankage. 
To davelop correlative techniques t o  define fluid/thermodynamic interactiun 
- RELATIOXSHIP TO OPERATIONAL VEHICIES: 
confidence level development of a l l  the operational vehicles employing cryoqaic  
propellants . 
Satisfaction of t h i s  objective w i l l  allow hi!rh 
E?CISTIIVG GROUND TEST CAPABILITY: 
large-scale horizontal tanks i n  a dynamic (mechanically excited) environment. 
There i s  no existing ground t e s t  ca9ability fo r  
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
F3 and F4, can contribute 50% and T O % ,  respectively, t o  satisfaction of the  overall 
objective. 
improved data acquisition, mechanical excitation, and environmental (a l t i tude)  
simulation capability. 
exact simulation of the dynamic environment. 
The potential new f a c i l i t i e s ,  
The F3 czpabili t ies are to ta l ly  included i n  F4. The F4 f a c i l i t y  has 
L i m i t i n g  factors are scaling data t o  f1igct.i-t vehicles and 
CLDAl3IIXTY PROVIDED BY NEW FUGIIT FACILITIES: A l l  f l i gh t  f a c i l i t i e s  emoloying cry- 
ogenic propellants can cantribute up t o  95% of the research objective as anplied t c  
the operational vehicles. Tfiese are: 204-252, 254, 255, 257-281, 283-285. 
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Objective 70 
FWPOSE: 
compatible with a i r c ra f t  he :t fluxes and fuel  flow rates.  
To develop regenerative hydrogen heat exchange and control systems 
RELATIONSHIP TO OPERWTIONAL VEHTCUS: This objective has potential application 
t o  a l l  cryogenically fuele5 operational vehicles. The vehicles have been 
grwped according t.> broad speed class for correlation with f l i g h t  f ac i l i t i e s .  
The,> are 
G >up A 
Grmp B 
(Mach 6); Ll, 21 
( to  Mach E); L2-L4, C2, M2, M3 
EXISTING GROUND TES" Ck-PABILfm: 
storage and handling) can accommodate 155 of the overall research objectives 
m i s t i n g  ground facilities (primarily fluid 
The ca.Dability does not exis t  for  safe handling of % i n  8 high heat f lux 
environment. 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: 
capabili t ies contributed by 
objective. 
heat load, local  hot spots, and operational engine control. 
The f lu id  f l o d h e a t  f l u  
extend current ctipa5ility t o  80$ of the overall  
The remaining 20$ is limited by high confidence definit ion of the  
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: 
facilities contribute twar-1 satisfaction of this objective. 
vehicles were domgra&d since they must perform the appropriate tes t ing with 
" f ly-along" experimental hardware 
AU. hypersonic cruise f l ight 
The rocket -powered 
FLIGHT $ CONTRIBUTZD TO 
FACILJTCES OVERALJ, OBJECTIVE RlmARK8 
GP A GPB 
Mach 6 &sign Point 204-213, 220, 221 95$ 
233, 23k, 250-252 70$ 7041, Rocket-Mach 12 "Fly Along" 
294, 285 Experiment 
261, 282 Staged To Mach l2 "Fly Along" 
Ekperiment 
231, 232, 235, 254, N/A 9% Mach 12 Airbreathing '3ruise 
280, 283 
255, 257-259, 271, 
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PURPO6E: To improve p e r f o m c e  potential of hydrocarbon fuels. 
- RELATIONSHIP TO OPERATIONAL VEHICLFS: 
in@ +bel- thermal stabil i ty limits and energy content can lead t o  improved 
Satisfaction of this objective by increas- 
performance for the M1 vehicle, and may also enable a viable alternative t o  fuel 
selection for the L1, I2, and C1 vehicles. 
EXISTING C:X?YI: !fE3T CAPABILJZLY: Current facil i t ies,  typically the Fuels Devel- 
opment Laboratory and Fuel Systems Simulator at Wright Field, offer the potential 
t o  ?ilk- -s+;isfy this research objective. 
CAPABSITY PROVIDED BY NEW GROUND TEST FMILITIE: 
ri l led in the potential new facility, SS1,which also adds an altitude simulation 
capabilitr. 
!l%e objective my also be ful- 
C A p A B ~ l l Y  PROVDED BY NEW FLDGaP FACILITIES: 
cable for satisfaction of th i s  objective. 
Flight faci l i t ies  are not appli- 
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BURPOSE: 
thermally stable and endothermic fue ls .  
To determine additional fuel system requirements imposed by t h e  use of 
RELATIONSHIP TO OPERATIONAL VEHICLES: 
d i r e c t l y  t o  the design and development of the M 1  operat ional  vehicle,  and is 
Sa t i s f ac t ion  of t h i s  object lve contr ibutes  
contingent upon the success realized i n  Research Objective 71 for appl ica t ion  to  
o ther  operat ional  vehicles  (Ll, LIZ, C1). 
MISTING GROUNG TEST CAPABILD'Y: Current facilities, at Wright Field,  NASA/Lewis, 
and within the petroleum Industry, cont r ibu te  about 50s t o  s a t i s f a c t i o n  of t h e  
research obdective. 
for large-scale systems. 
Primary l i m i t a t i o n  is alt i tude s i m U t i o n / h e a t  flux capab i l i t y  
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: Additional capabi i i ty ,  provided 
by t h e  implementation of F2 and SS1, can completely satisfy t h i s  object ive.  
f a c i l i t i e s  contr ibute  10% and loo%, respect ively,  t o  the s a t i s f a c t i o n  of t h e  ove ra l l  
objective.  
high heat flux/high temperature component development. 
These 
The 10% represents  a d i r e c t  addi t ion  t o  current  capabi l i ty  and accomplishes 
CAPABILITY PROVIDED BY NlW FLIGHT FACILITXES: 
t o  satisfaction of th is  objective.  
F l igh t  facilities are not appl icable  
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PURPOSE: 
increased re l iab i l i ty .  
To provide cryogenic fue l  system comx)onents with reduced weight and 
RELATIONSHIP TO OP,ERATIONAL VEHICLES: 
vehicles except M1) reusable aircraft systems demands improvement of static and 
dynamic seals and rotating machinery operating i n  a cryogenic environment. 
MISTING GROUND TEST CAPABILITY: 
by those at WA/MSX, NASA/Lewis, and NASA/KSC, can satisfy loo$ of the research 
ob jeet ive . 
The application of LH2 t o  (all operational 
&istin& cryogenic flow f a c i l i t i e s ,  typified 
CAPABILI'N PROVIDED BY IW GFXIUND TEST FACILITm: 
either the F3 or F4 test facilities also can result i n  total satisfact ion of the 
me capability provided within 
research objective. 
CApABILI!LT PROVIDED BY NEW F'LEEI? FACILITIES: 
cable to sat isfact ion of this research objective. 
Flight facilities are not appli- 
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PURPOSE: 
control techniques . To develop cryogenic tp.nkage concepts and fue l  system operation and 
RELATIONSHIP TO OPE,MTIOML VEHICISS: Development of a l l  the potential 
operational a i r c r a f t  which use cryogenics requires sat isfact ion of this cib.\.;c- 
t i v e  for maximum system performance a t  minimum w e i g h t .  
EXISTING GROUND TEST cAI)ABILITY: =sting ground test  f a c i l i t i e s ,  typified t,; 
the NASA cryogenic flow f a c i l i t i e s ,  and planned AF' F l i g h t  Dynamics Laboratory 
t e s t  capability, w - i l l  s a t i s fy  2G of the overall  research objective. 
l imitation is the combination of storage, heating, and a l t i tude  simulation 
capabili ty . 
Prinlary 
I 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: The potential  ne$ f a c i l i t i .  
F3 and F4, can sa t i s fy  30% and 70% of the research objective. 
overlap i n  heating and storage capability, but F4 offers greater data ttcqu;;: t L  
mzchanical excitation, and scale test  size for alt i tude simulation. Ac%ual 
f l i g h t  heat load, sloshing, and pressurization environment is required t o  corn-, 
'Zhese faci l i t ics  
plete the objective . i 
2APABILITY PROVIDXD BY NEW FLIGii FACILITIES: 
f a c i l i t i e s  off2.r t h e  potential  t o  s a t i s fy  905 of the research obfcct iw as 
anpiied t o  the onerational vehicles. The remaining portion is dependent upon 
design and trajectory peculiar for those vehicles. Applicable f a c i l i t i e s  are 
A l l  cryogenically fu2-Le.i rligfitl 
204-221 (Mach 6) and 231-2252, 254,255, 257-281, 234, 285 (Mach 12). i I 
i 
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Objective 76 
PURPOSE: To determine the capabili ty 
RELaTIONSHIP TO OPE8ATIONAL V E K t W :  
of flush-mounted recessed antennas. 
Satisfaction of t h i s  objective w i l l  allow - 
high confidence definit ion of emission and reception pattern€ for communication, 
navigation, and electronic warfare functions as they apply t o  a11 the  operational 
a i rcraf t .  
EXISTING GROUND TEST CAPABILITY: This objective may be t o t a l l y  satisfied i n  
existing f e c i l i t i e s  typified by the mny vendor outdoor antenna pattern test 
ranges and anechoic chambers. 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIFS: 
Al, can also sa t i s fy  100% of this research objective. 
The potential  new fac i l i ty ,  
GAPABILIm PROVIDED BY NEW FLIGHT FACILITIES: 
applicable t o  sat isfact ion of thts research objective . Flight f a c i l i t i e s  are not 
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PURPOSE: 
induced oscil lations i n  the hypersonic f l i g h t  regime. 
To investigate s t a b i l i t y  augmentation systems and recovery from p i l o t  - 
RIUTIONSHIP TO OPERATIONAL VEHICLES: 
t r ibutes  t o  the design and development of a l l  the opzrational vehicles with 
Satisfaction of this objective con- 
the exception of M l  which is a winged body configuration opgrating at a lower 
Mach number. 
relation wi th  f l i g h t  f a c i i i t y  Mach number capabili ty.  
The operational vehicles were grouped t o  provide a closer cor- 
Group A (Mach 6) C1 
Group B ( t o  Mach l2) LLL4, C2, M2, M3. 
MISTING GROUND TEST CAPABILITY: Current f a c i l i t i e s ,  typified by the NOL hyper- 
velocity and MDC HIT tunnels, along w i t h  t he  moving-base simulator at  NASA/AMES, 
can sa t i s fy  50% of the  overall  objectives for Group A and 3. 
limited by test-section/model s i ze  and run time. 
Both groups are 
CAPABILITY PROVIDED BY NEV GROUND TEST FACILITIES: 
increased by more than 50% with the additire contributions of GDl5 and FS3. 
The new f a c i l i t i e s  W i l l  contribute 30s and 4546, respectively, toward satisfaction 
of the okerall  objective. 
mining portion. 
Current capabili ty can be 
Flight conditions are necessary t o  sa t i s fy  the re- 
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: 
f a c i l i t i e s  can contribute significantly t o  the development of s t a b i l i t y  augmen- 
ta t ion systems; generally i n  proportion t o  the i r  overall  speed/altitude capa- 
b i l i t y .  
i b i l i t y  without the p i lo t .  
The potential  new f l i g h t  
The unmanned vehicles were downgraded because of t h e i r  re la t ive inflex- 
$ CONTRIBUTED TO 
FLIGHT OVERAU OBSECTNE 
FACILITY GP A GP B EiEMAIzKS - 
200, 201 
204, 220, 221 
205 - 215 
200 - 205 
231 - 271 
&$ 60% Limited To Mach 4.5 
308 20% Unmanned To Mach 6 
9546 7% Mach 6 Design 
b$ 39$ Unmanned To Mach l2 
95s Nearly Approximates Full  
Range To Mach I2 
95$ 
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Objective 79 
W O S E :  
a i rc raf t .  
To develop air  data measurement techniques applicable t o  kypersoni:’ 
RFUTIONSHIP TO OPERATIONAL V E H I C B :  New data measurement deviczs, such as 
laser densitometers, must be developed for a l l  the potential operationr;I ve- 
hicles. 
correlation with f a c i l i t y  capabilities. 
The vehicles are  grouped according t o  f l i gh t  regime t o  provide a closer 
Group A ( t o  Mach 6); C1, M l  
Group B ( t o  Mach 12); Ll-a, C2, M2, M3 
EXISTING GROUND TEST CAPABILI!TY: Current wind tunnel f ac i l i t i e s ,  typified by 
the NASA/AMES and AEDC supersoric tunnels and the NOL hypervelocity tunnel, can 
contribute toward satisfaction of this research ob3ective. 
CAPABILITY PROVIDED B1 NEW GROUND TEST FACILTTIES: 
capability, the new f a c i l i t i e s  w i l l  offer  an additive contribution to  the over- 
a l l  objective as follows. 
In  addition t o  existing 
$ OVERALL OBJECTIE 
FACILITY SATISFBD P- 
- GP A CP B 
Limited Tes t  Section Size, Reynolds 
Number 
GD3 24s 14$ 
~ ~ 1 5  Limited Test Section, Model Size, 
Run Time 
N/A 
WABIXl!Y PROVIDED BY NEW F’LIGITP FACILITIES: 
contribute t o  the satisfaction of this objective. 
All hypersonic f l ight  f a c i l i t i e s  
The contribution is 
aseasured i n  terms of Mach number capability for the test vehicles. 
FLIGRT $ CONTRIBUTED 
FACILIT3f TO (IVERAIJI, OBJEC!l’!IVE €umAFxs 
GI’ A GP B 
~ -~ ~~~ _ _ _  ~-~ ~~ 
200, 201 80$ 5074 L l d t e d  To Mach 4.5 
204-221 100s 70% Limited To Mach 6 
231-285 loo$ Mach 3.2 Capability 
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0b.jective 80 
WFiPOSE: To develop control  surface actuation techniques .nd devices. 
WLATIONSHIP TO OPERATIONAL V%KrCLES: A l l  the operational vehicles require 
development of control actuatorT(inc1uding pneuma t i c  and hydraulic drive 
systems and components) which are compatible with the operationa- 7 environment. 
Vehicles have been grouped according t o  speed range i n  order t o  provide closer  
correlation w i t h  fac i l i  '.y capabi l i t ies  . 
S I S T I N G  GROUND TEST CAPABILITY: 
temperature tunnels and NASA/Langley high temperature s t ruc tu ra l  tunnel, can 
Current capability, typif ied by the AEDC high 
f u l f i l l  t h i s  en t i r e  obgective. 
CAPAl3ILITY PROVIDED 3Y NEW GKJUND TEST FACLLITIES: 
capability, implementation of tbe following potent ia l  new f e c i l i t i e s  adds t o  
the extent noted. 
bi! combined within one f a c i l i t y .  
I n  addition t o  existing 
This may prove beneficial  t o  the extent that some 'asks may 
4, OVHIAZT, OBJECTIVE 
SATISFIED 
FACILITY GP A GP B REMARKS 
E6 4% N/A Direc'c Connect, Limi ted  t o  
Mach 5 
E7 so$ N/A Free Jet ,  Limited t o  Vach 5 
EO, Eg, El0 4 6  30s Mach 5-12, Small-Scale 
s2 40% 40% Static Test Xiti tude Environment 
s3 
s5 
Go$ 60s Fatigue and Thermal b a d  Pro- 
grarmning 
S ta t i c  Test, Acoustic & 
T h e m 1  Ecvironment 
b$ 
Y% M3 20& 2 4  Materials Deve lomen t 
CAPABILITY PROVIDED BY NEW FLIGIE FACILITIES: A l l  hypersmie f l i g h t  f a c i l i t i e s  
contribute t o  the satisfaction of t h i s  objective. The contribution i s  measured 
i n  terms of Mach nunber capabi l i ty  for the test vehicles. 
FLIGHT 
$ CONTRIBmD TO 
O V W  OBJ'ECTIVE 
FACILITY GP A GP B RENARKS 
200, 201 fQ4& 50$ Limited t o  YAch 4.5 
204-221 loo$ 70s Limited t o  Mach 6 
loo$ loo$ Mach l.2 Cagwbility 231-285 
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Objective 82 
RTRPOSE: 
C r a f t .  
To develop auxiliary power units for  rocket-and ramjet-powered air- 
PELATICNSHIP TO OPERATIONAL VEHICLES: 
development of secondary power generation systems t o  supply the a i rc raf t  during 
the rocket and ramjet (or SCRAMJET) cruise m o d e s .  
All  of the  operationai vehicles require 
EXISTING GROIRJD TEST CAPABILITY: Many facilities are currently operational 
{such as the turbopump development test stands and jet engine test cclls) 
throughout the industry which can coarpletely satism this research objective. 
CAPmILIIf FSOVIDED BY lqEtJ GROUIVD !EST FAC3LlTDS: 
CSpMlily, either of the p0tentia.l new ground test f a c i l i t i e s ,  F4 or F5, may 
It addition t o  current 
also be used to f ' u l f i l l  the entire objective. 
CBPABIIXTY PROVIDIBD BY Nb.4 FIX= FA-: 
cmpomtt? ramjet or  rocket progulsisn ggodes contribute to  satisfaction of the 
research objective. 
low percentage of operation without core e-ne power. 
A l l  test facilities which in- 
The tta2-ho-k were dmmgided because of the re lat ively 
200, 201 w JP TRJ (To Mach 4.5) 
204-206, 210, 2n, 215 7oq6 IdI2 TRJ (To Mach 6) 
Rocket/RJ/CSJ/TJ 
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Objective $3 
7dRiQSE: To develop environmental control systems u t i l i z i n c  cryogenic wonel32nts 
2s :i heat sink. 
REWTIONSHIP TO OPERATIONAL VEHICLES: A l l  operational vehicles, w i c k  the exce3tion 
of hll, real ize  a significant wei@t savings by utilizing the cryogenic fue l  as a 
ciirect heat sink fo r  the ECS. 
ZXISTIIG GROUND TEST PAPABILITY: 
cryogenic storage and flow facilities at NASA/MSFC, N4BA/Lewis, and N.43A/K.X) can 
f u l l y  satisfy t h i s  research objective. 
Zxistisg ground capabili t ies ( typif ied by the 
CAF.43ILJTY PRCVIDED BY NEVl GROUND TEST FACILITIES: 
f a c i l i t i e s  F1, F3, and 34-wi11 also be capable of develo?ment of the cryogenic I.:CT; 
systems and contribute 1005, 805, and loo$, respectively, toward sat isfact ion of the 
overall cbjective. 
The potential  new ground 
F3 is  short  on data acquistion and a l t i tude  simulation cs!mbility 
CAPABILITY PROVIDED BY NEW FTJGHT FACIUTIES: All cryogenically fueled flight te::t 
facilities contribute t o  t o t a l  sat isfact ion of this  objective. A ~ ~ i l i c s b l e  v hicles 
am? 204-214, 220-252, 254, 255, 257-231, 283-285. 
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r- 
PliRPOSE: 
carbon fueled vehicles 
To develop environment.al control systems for  Mach 4 t o  6 storable hyaro- 
IU3UTlOEIsHT? To OPERA!MONAL VUiICLES: This objective is  direct ly  applicable to HI., 
with potextial application t o  Id and C1 contingent upon the success of Research 
Objective 71. 
EXISTING GROUND TEST CAPABILITY: 
existing ground t e s t  f ac i l i t i e s ,  typified by a l t i tude  simulation, s ta t ic  heating, 
and fuel  f l o w  f a c i l i t i e s  available throughout the industry. 
This objective m a y  be comlpletely sa t i s f ied  within 
CAPABILITY PROVIDED BY NEW GROUND TEST FACIUTIES: 
f ac i l i t i e s ,  F3, F3, and F4 will contribute lOOq6, 80$, and 1005, respectively, t o  t h e  
Tke lootential new ground test  
satisfaction of the overall objective. F3, primarily a conponent develo-mcnt 
fac i l i ty ,  i s  limited on data acquisition and environmental simulation. 
C4?ABILITY PROVIDED BY NEW FI;CGHT FACILITIES: 
(200, 201, and 215) satisfy the ent i re  objective. 
The potential new fl ight f a c i l i t i e s  
These are the only flight test 
f a c i l i t i e s  exploying storable hydrocarbon fuels . 
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Objective '?r i  
. .  :?T, . : To develop launch techniques f o r  internal ly  s tared  wcripons. 
3ETAI'IOYSIIIP TO OPEMTIONAL VEHICLES: The mili tary ooerationql vchialcs,  XI., 1.12, and 
..- . r .uat  s tore  AAM and ASM weapons internal ly .  As a resu l t ,  systems must be 
iIc\.elc?ed t o  enable effect ive use of the weapons. The onerational vehicles were 
32>,r.:ci.?.l i n t o  two grou?s t o  9rovide closer correlat ior  with facility CA ?ability. 
'..? ....,,- 
Group A (Mach 4.5); M1 
Group B (Mach 12);  M2, hl3 
.-.. . rA--LAl;'XX GROUND !EST CAPAF3ILITY: 
6)"' fu l f i l lmen t  of Group A and 56% for Crou:, B) i n  exis t ing f a c i l i t i e s  tynificd by tc-? 
This objective may be satisfied ( t o  t he  +.-..:':tent z# 
- 7.. -. 16' su?ersonic tunnel  and NOL hpe rve loc i ty  tunnel ($row B). Limits.tions "r-c 
Generally test  section and model size,  as w e l l  as run time f o r  the hmersonic t a m e : .  
?*~:''t3IUT'Y PRCVIDZD BY NEW GROUND TEST FACILJTIES: The addi t ion  cf GU3 3x1 'XJ7 
t e s t  zzpabi l i ty  will increase the  a b i l i t y  t o  s a t i s f y  the overall objectives by 17<. 
.:rz contributes 65: and 52% for Grouos A and B, respectively, Gjhilc 'XT 1: ;r.tribi;t.t.:; 
1;'- f o r  Group R (additive capabili ty).  
.nadel s ize ,  Mach range for GD3 (fro%? B), and run t i m e  for  GD7. 
Primary l imitat ions are test zectiorA z:r;:: 
X'ABILITY PROVIDED BY IJZW FUSW FACILITIES: A l l  the hypersonic sham:; con 
-3ntribute t o  the sa t i s fac t ion  of t h i s  research objective accordixx t o  Mach number 
capabili ty.  
b i l i t y  of operatiolzal tes t ing.  
The unmanned vehicles were downgraded due t o  their  re la t ive  inf lexi-  
FLI2HT FACIL?TY $J CONTRIBUTED TO RSMARKS 
OVZRALL OBJECTIVE 
G? A GP B 
35s 60% Limited t o  Phch 4.5 
305 204% Unmanned, t o  Mach 6 
'35.: 75Q Lirnii.ze to k c h  6 
40s Unmanned, t o  Mach 12 
95% 25' 95$ Mach 12 Canability 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUME II 0 PART 1 
Research 
Cbjective 97 
PURPOSE: To evaluate terminal approach methods and low speed haadling quali t ies.  
RELATIONSHIP TO OPERA'lTONAL VEHICLES: 
valuable configuration development and control requirement data for a l l  potential  
operational ueh5cles. 
Satisfaction of t h i s  objective provides 
EXISTING GROUND TEST CAPABIUTY: 
NASA/AMES and MASA/kngley flight simulators, can sa t i s fy  60% of t h e  overall  objective. 
Existing ground test f a c i l i t i e s ,  typif ied by the 
Limiting factors are dynamic simulation and 6th degree of freedom. 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: The potential  n?w ground test 
f a c i l i t i e s ,  FS1, FS2, andFS3, contribute 605, TO$, and 40s t o  sat isfact ion of the 
- 
overall  obdective, with some overlapping capability. FS1 provides crew training 
and familiarization with controls; FS2 is  designed primarily fo r  takeoff and landing 
simulation; and FS3 is a cruise sirnillator. 
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: The subsonic all body (291) and 
variable s t a b i l i t y  F106 (290) can fulf i l l  1005 and 95$ of the overall  research 
Objective. 
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Objective 93 
PURPOSE: 
navigation of hypersonic vehicles. 
To investigate man-machine compatibility as related t o  control and 
R.FLATIONSHI? TO OPERATIONAL VEHICUS: 
for  the successful operation of a l l  potential operational vehicles. 
Satisfaction of t h i s  objective i s  a prerequisite 
EXISTING GROUND TEST CAPABILITY: 
395 of the overall objectives. 
Current ground simulation f a c i l i t i e s  can sat isfy 
CAPABILITY PROVIDEXI BY Nisw GROUND WST FACILITIES: 
FS1, FS2, FS3, can individually contribute 70$,70$, and 5096, respectively, t o  satisfact:  
The potential new f a c i l i t i e s ,  
of the overall research obdective. FS1 is  a crew simulatim; FS2 and FS3 are designed 
for landing and takeoff and cruise simulation, respectively. The individua1 ca?abil- 
i t i e s  overlap t o  some extent but will combine t o  satisfy 955 of the overall objective. 
CAFABILIm FROVIDED BY NEW FLIGW FACIJJTIES: 
contribute the t o t a l  fulfillment of t h i s  objective. These are: 200, 201, 
(Mach b.5); X5-215 (Mach 6 ) ;  and 231-271 (Mach 12). 
All manned fl ight f a c i l i t l e s  can 
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Objecti v~ ‘!1 
- PURPOSE: TO develop effective communication techniques for safe flight planning. 
RELATIONSHIP TO OPERATIONAL VEHICLES: The satisfaction of this research objective 
is necessmy for  all operational and f l i gh t  t e s t  vehicles. 
EXISTING GROUND TEST CAPABILITY: 
objective. 
Ground t e s t  f ac i l i t i e s  do not apply t o  t h i s  
CAPABIWm PROVIDE> BY NEW GROUND TEST FACILITIES: 
apply t o  this ob.jective. 
Ground t e s t  facilities do not 
CAPABILITY PROVIDED BY NEW FUGHT FACILITIES: 
t o  uti l ization of the identified fl ight test fac i l i t i es .  
This obJective must be satisfied vier 
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Objective :.-!2 
PURPOSS: 
aecelcx-ations loads. 
To assess variations i n  launch traJectaries to assess ,axial and norms1 
?EXATIONSKIP TO OPERATIOFJAL VEHICLES: This i s  an analytical objective requiring 
sntisfaction t o  f ac i l i t a t e  lightweight design of a l l  operational vehicles. 
;.;;ISTII?G GROUND TEST CAPABILITY: 
sq.tisfaction of t h i s  objective. 
Ground t e s t  f a c i l i t i e s  do not spply fo r  the 
W'AilILITY PROVIDED BY NEW GROUND TEST FACILITIES: Ground test f a c i l i t i e s  do not 
%_o?ly f o r  the satisfaction of t h i s  research objective. 
.-v* nn ,~.:LBILITY PROVIDED BY NE34 FLIGHT FAC1LITIES: 
npply t o  the fulfillment of this objective. 
Flight t e s t  facilities do not 
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Objective 94 
PURPOSE: TO develop emergexy abort, dump, and escape procedures. 
RELATIONSHIP TO OPERATIONAL VMICUS: The sat isfact ion of t h i s  objective reduces 
the operational r i s k  for a l l  the potential  operational systems. 
EXISTING GROUND mST CAPABILITY: 
s t a t i c  f lu id  tes t  f a c i l i t i e s  can s a t i s f y  75% of the overall  objectives. Limiting 
factors are tes t  section size and model scaling for the wlnd tunnels, and availa- 
b i l i t y  of hazardous t e s t  f a c i l i t i e s  ( t o  simultaneously accomplish fue l  dumD and 
heating) 
The existing wind tunnel flight simulation and 
CAPABILITY PROVIDED BY NEW G R O K 3  TEST FACILITIES: 
new facilities w i l l  increase overalTtFtpability about 10%. 
The addition of t he  potential  
!The low overail contri-  
butions shown are, t o  a large extent, due t o  the scope of t a s k  requiring t h a t  3ar- 
t!.ecular f ac i l i t y .  
FACILITY 4& OVERALL C”dJCTIvE 
SATISF’IED 
REMARKS 
GD2 
GD3 
GD7 
FS1, FS3 
ss1 
Low Speed Portion 9nly 
Transonic Separation Ztudies 
High Speed Separation StuCies 
Abort Simulation 
Hot Fuel Dump and S p i l l  Testing 
5% 
lo$ 
CAPABIUTY AIOVIDED BY IQEW FLIGHT FACILITIES: 
toward sat isfact ion of t h i s  objective. 
Flight f a c i l i t i e s  do not contribute 
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Objective 35 
PURPOSE: 
ezironment on overall flight performance. 
To determine the  effects of f l igh t  aspect and perturbations of aerodynamic 
RELATIONSHIP TO OPEHATIONAT, VEHICLES: Satisfaction of this  obdective w i l l  nrovido 
an analytical description of non-steady s ta te  factors which influence configuration 
development and f l i gh t  operation for all the operational vehicles. 
EXISTING GROUND TEST CAPABILITY: 
satisfaction of t h i s  objective. 
Ground t e s t  f a c i l i t i e s  are not apnlicable f o r  
CAPABIUTY PROVIDED BY NEW GROUND TEST FACILITIES: Ground t e s t  f a c i l i t i e s  are not 
applicable for  satisfaction of t h i s  objective. 
C!A?ABIUTY PROVIDED BY NEW FLIGHT FACILITIES: 
applicable for  satisfaction of this objective. 
Flight test f a c i l i t i e s  are not 
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Objective 96 
PURPOSE: 
operationally adhere t o  these . To define a i r c ra f t  operating marg'7s and determine capabi l i ty  t o  
RELATIONSHIP TO OPERATIONAL VEHICLES: 
tributes to definition of realistic operating restrictions for  a l l  the operational 
Satisfactior of t h i s  objective con- 
a i r c ra f t ,  
EXISTING GROUND TEST CAPABILITY: 
and MASA Langley can sa t i s fy  30'$ of the  overall. obQective. 
E%iRtj.ng simulation aqxLpment a t  NASA AMES 
The principal 
limitation is overall motion and acceleration simulation. 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: Additional ground test 
capability w i l l  be provided t o  i a t i s f y  95% of the overall objective. 
capabilities for  the potential  uew f a c i l i t i e s ,  FS1, FS2, and FS3, are 30%, 95% 
and80$, respectively. FS1 is limited i n  acceleration and motion s i x m  it is a 
crew-trairiing device rather than an engineering tml.  
Individual 
CAPABILITY PROVIDED BY NEW FLIGHT FACILITIES: AU. the m n s d  hypersonic f l i g h t  
f a c i l i t i e s  will totally sa t i s fy  th i s  objective. Applicable vehicles are: 200; 
201 (Mach 4.5) ; 205-215 (Mach 6) j a d  231-271 (Mach L2) 
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Objective 97 
PURPOSE: To develop leak detection methob for cryogenic propel lant  tsriks. 
RELATIONSHIP TO OPERATIONAL VEHICLES: The satisfaction of t h i s  objective is 
necessary t o  provide high confidence development of L% fueled aircraft . 
EXISTING GROUND TEST CAPABILITY: 
and handling f a c i l i t i e s  have the capability t o  completely f u l f i l l  th i s  objectivc. 
A large number of existing cryogenic storage 
CAPABILITY PROVIDED BY NEW GROUND TEST FACILITIES: Addition of F5 and SS1 
will supplement current capabili t ies.  
plishment of 805 and 100s of the overall objective. 
its re lat ively small data acquisitlon system. 
These new +'e . t l i t i e s  w i l l  enable accom- 
F5 i s  limited by virtue of 
CAPABILITY PROVIDED BY NEW FLIGW FACILITIES: 
a9plicable for the satisfaction of this objective 
Flight ;&t f a c i l i t i e s  are not 
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Objective 98 
PURPOSE: 
security for passengers in windowless aircreri-. 
To investigate concepts to provide an atmosphere of mticn and 
RELATIOEVSRIP TO OPWATIOPIAL VEHLCLRS: 
vide human factors data to enable development of the operational vehicles C1 and 
Satisfaction of t h i s  objective w i l l  pro- 
C2 w i t h  maxhnum passenger appeal. 
=STING GROUND TEST CA?ABILITy: 
to aceaup’llsh 50$ of the overall research objective. 
overall l i m i t s  of motion and acceleration simulation. 
Existing flight simulation devices may be used 
Principal limitation is  
GAl?ABITJTf FROVIDEXI BY NEW GROUND TEST FACILI!KES: The capability provided by 
the potential new ground faci l i t ies ,  FS2 and FS3, w i l l  additively accomplish the 
entire objective. 
pS3, a cruise simulator, w i l l  contribute m. FS2, a takeoff and landing simulator, w i l l  contribute 40%; 
CAPABXMY PROVIDED BY HEW Fz;TGET FACILITIES: The new fl ight fac i l i t ies  are 
not applicable tamrd satisfaction of this research objective, 
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PURPCSE: To investigate forced rotation techniques t o  enable short takeoff. 
RELATIONSHIP '20 OPERATIONAL VEHICLES: Applicable operational vehicles are L3, a, 
W, and Pi3 - a l l  rocket acceleration. 
contribute to  definition of low speed stabil i ty aspects of forced rotation. 
Satisfacticzn of t h i s  research objective will 
EXISTDIG GROUD TEST CAPABILIXY: 
NASA/= low speed tunnel and f i v e  degree-of-freedom simulation) will cofitribu'ie 
Existing ground test faci l i t ies  (typified by the 
435 tcrward satisfaction of the research objective. 
size and exhaust pumping (for rocket f low)  for the tunnels as w e l l  as motion and 
acceleration limits for the simulation. 
Principal limits are model 
CAPABILITY PROVIDED BY MElW GROUM) TEST FACILECIB: 
w i l l  increase total  capability t o  satisfy 54% of the overall objective. 
contributions are 48% for GD2 and fo r  FS2, directly additive. 
The addition of G E  and FS2 
I n d i v i d u a l  
CAPABILTIY PROVIDED BY N'J9J FLIGHT FACILITIES: 
facil i t ies (not staged) will contribute 95% t o  fu l f i l lment  of the overall objective. 
These are: 
None of the flight facil i t ies currently employ canard control surfaces. 
All the rocket accelerated fl iGht 
207, 208, 213, 214 (Mach 6); and 232-256, 256, 259, 284 ( h c h  E). 
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Objective 101 
PURRBE: 
based !E%Vigat i .OR system. 
To develop specifications for Air T r a f f i c  Control procedures and ground- 
RELATIONSHIP TO OPERATIONAL IJEEEUS: 
for the safety of all potential operational vehicles. 
Satisfaction of this objective is necessary 
EXISTING cFW”D m T  cmmaI[Ty: 
fulTillm?nt of this objective. 
Ground test facilitie- are not applicable to the 
CAPABILITY PIdoVDED BY NEW CROWD TEST FMILITIES: Ground test facilities are not 
applica2le to the f‘ulfillment of tU8 objective. 
CAPABILITY PROVIDED BY NEX FLIlGHT FACn.fim: 
are nut applicable to the satisfaction of this objective. 
The potential new flight facilities 
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Object ive 102 
1 i:*&;csE. . 
structures. 
To develop inspection and repair techniques far hypersonic vehicle 
RiLATIOPJSHIP TO OPERATIONAL VEHICLES: 
t o  the maintenance of all the potential  operational vehicles. 
Satisfaction of t h i s  objective is appiicable 
KUSTING GRCVND T F -  
i il exis t ing struct-ma, fabrlcation and assembly facilities. 
.=.4BlLITY: This research objective may be total ly  f u l f i l l e d  
C U X 3 I L I T Y  PROVIDED BY NEM GTIouN3 TEST FACILITIES: 
f a c i l i t i e s ,  54 I SfJ 9 s  , M  3, and E4, can incrementally contribute t o  the satisfaction 
of t h i s  objective. 
t i o n j  each contribute 10%. 
t ion f a c i l i t y )  contributes 4CZ. 
The potential new ground 
S4 (acoustic),  36 (dynamic tankage), and S7 (cabin pressuriza- 
M3 (fatigue f a c i l i t y )  contributes 30%; a d  M4 (fabrica- 
I?+?BILiY PROVIDED BY Ma F'LEBr FACn(JTIIS: A l l  f l i g h t  test f z c i l i t i e s ,  by virtue 
21' ,,ceir demonstration of concept feasibi l i ty ,  can each fully sa t i s fy  t h i s  research 
9-h jec t ive  . 
